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SECTION  OF  GEOLOGICAL  SCIENCES 


GEOLOGICAL  PROBLEMS  IN  THE  CONSTRUCTION  OF  DAMS"^ 
Kemble  Widmer 

Naw  Jersey  Department  of  Conservation  and  Economic  Development, 
Trenton,  N.J, 

The  December  24,  1959  issue  of  Engineering  News  Record  contains  an 
editorial  on  the  recent  failure  of  the  Malpasset  Dam  near  Fr^jus,  France. 
After  praising  the  ability  of  Andrd  Coyne  as  designer,  it  considers  it 
“highly  unlikely  that  he  failed  to  give  careful  consideration  to  the  founda¬ 
tion  conditions”  because  there  has  been  “emphatic  recognition,  in 
professional  dissertations,  of  the  peculiar  importance  of  foundation 
stability  to  the  safety  of  thin  arch  dams.”  The  editorial  goes  on  to 
conclude  that  the  engineering  profession  is  perhaps  “least  proficient 
in  predicting  foundation  behavior,”  that  this  disaster  may  “highlight 
the  need  for  intensifying  engineering  emphasis  on  geology  and  foundation 
exploration,”  that  the  geological  study  may  not  have  “reflected  the  best 
that  the  art  in  its  present  state  can  offer,”  and  that  the  foundation  ex¬ 
ploration  was  perhaps  not  “thorough  enough  to  support  the  geological 
opinion.” 

This  editorial  only  echoes  the  statements  made  by  F.  L.  Ransome  and 
C.  P.  Berkey  in  1929  after  the  failure  of  the  St.  Francis  Dam  near  Los 
Angeles,  Calif.  Ransome  said;  “The  plain  lesson  of  the  disaster  is  that 
engineers,  no  matter  how  extensive  their  experience  in  the  building  of 
dams  or  how  skillful  in  the  design  of  such  structares,  cannot  safely 
dispense  with  the  knowledge  of  the  character  and  structure  of  the  adjacent 
rocks,  such  as  only  an  expert  and  thorough  geological  examination  can 
provide”  (Ransome,  1929). 

Also  in  1929,  in  discussing  the  responsibilities  of  the  geologist  in 
engineering  projects,  C.  P.  Berkey  said:  “An  impractical  project  must 
not  be  begun;  all  reasonable  doubt  of  its  feasibility  must  be  removed. 
Serious  questions  as  to  the  behavior  of  the  ground  must  be  settled  before 
construction  begins.  Dams  must  stand.  Not  all  of  them  do,  and  there  are 
all  degrees  of  uncertainty  about  them.  Reservoirs  must  hold  water.  Not 
all  of  them  do,  and  there  are  many  ways  by  which  water  may  be  lost.  The 
work  must  be  done  safely  as  a  construction  job.  Not  all  of  them  are,  and 
there  are  many  sources  of  danger.  The  whole  structure  must  be  permanent 
and  the  work  has  a  right  to  be  done  within  the  original  estimates.  Not 
all  of  them  are,  and  there  are  many  reasons  for  their  failure  or  excess 
cost,  most  of  them  geologic  or  of  geologic  dependence. 

*  This  paper,  illustrated  with  slides,  was  presented  at  a  meeting  of  the  Section  on 
January  4,  1960. 
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“If  these  requirements  are  not  attained,  it  is  generally  either  the  fault 
of  the  geologist  advisor,  who  ought  to  see  the  difficulties  and  dangers 
and  impossibilities  in  advance,  or  it  is  the  fault  of  the  chief  engineer  who 
presumes  too  much  on  his  own  acquaintance  with  geologic  matters  and 
has  failed  to  procure  the  necessary  advice.  The  time  has  gone  by  for 
anyone  to  assume  personal  competence  in  every  one  of  the  fields  that 
may  require  research  ability  on  an  engineering  project;  and  the  time  has 
gone  by  for  such  work  to  be  done  by  an  untrained  or  unskilled  man” 
(Berkey,  1929). 

Thus  we  find  that  after  thirty  years  many  engineers  still  consider  ^ 
geology  an  art  and  apparently  are  inclined  to  assume  not  only  that  all 
geologists  as  equally  able  practitioners  of  their  art,  if  such  it  be,  but 
also  that  there  is  such  a  thing  as  an  engineering  geologist.  Both  assump¬ 
tions  could  hardly  be  further  from  the  truth:  first,  because  there  are 
probably  as  many  fields  of  specialization  in  geology  as  there  are  in 
engineering,  and  not  in  civil  engineering  alone;  and,  second,  because  * 
there  is  no  such  thing  as  an  engineering  geologist  -  professional  cards 
and  letterheads  notwithstanding.  As  Edward  B.  Burwell  and  George  D. 
Roberts  so  aptly  put  it  in  the  opening  chapter  of  Application  of  Geology 
to  Engineering  Practice  (the  Berkey  volume,  1950):  “Engineering  Geology 
is  not  a  branch  of  the  science  of  geology;  it  is  the  application  of  all  of 
the  branches  of  the  science  to  the  practical  problems  of  engineering, 
physiography,  historical  geology,  stratigraphy,  structural  geology,  petro-  t 
graphy,  economic  geology,  ground-water  hydrology,  and  even  paleontology 
—  all  these  divisions  of  the  science  have  important  applications  in  civil 
engineering  ”  (Paige,  1950). 

There  are  all  degrees  and  shades  of  competence  and  training  in  the 
field  of  engineering  geology.  Some  are  engineers  with  additional  training 
in  geology;  others  are  geologists  with  training  as  engineers;  still  others  > 
may  have  had  very  little  formal  training,  but  a  broad  and  varied  experience 
backed  by  avid  reading  on  case  histories  and  general  geology  pertinent 
to  the  engineering  problems.  The  most  important  requirement  is  that  the 
engineer  or  geologist  have  sufficient  geologic  knowledge  to  know  what 
field  or  fields  of  geology  may  be  applied  to  the  problem  to  obtain  the 
necessary  answers.  Nature  abhors  regularity  and  precise  classification,  > 
and  the  geologist  therefore  must  recognize  the  range  of  conditions  that 
may  be  present,  not  only  with  respect  to  the  geologic  materials,  but  also 
with  respect  to  the  geologic  structure  and  history  of  the  region  in  which 
the  engineering  project  is  to  be  constructed. 

Before  proceeding  with  an  examination  of  specific  examples  or  the 
general  problems  incident  to  applying  geologic  knowledge  to  the  construe-  » 
tion  of  dams,  it  should  be  emphasized  that  most  dams  stand,  most  reser¬ 
voirs  hold  water,  and  that  geologic  and  engineering  studies  on  most 
projects  are  adequate  and  complete.  Like  the  train  wreck  or  the  juvenile 
delinquent,  the  failure  of  a  dam  is  a  choice  news  story,  while  good  opera-  f 
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tion,  good  behavior,  or  a  job  well  done  has  little  news  value. 

Successful  dams  of  large  size  were  built  in  Egypt  and  in  the  Near 
East  in  the  dawn  of  history.  The  dam  built  by  Menes,  first  king  of  Egypt, 
12  miles  north  of  Memphis,  Egypt,  about  4000  B.C.,  supplied  water  to 
an  irrigation  project  for  4,500  years  until  maintenance  was  discontinued. 
In  the  past  century,  also,  the  number  of  dams  that  have  failed,  never 
a  large  percentage  of  the  total  number,  has  decreased. 

Of  all  the  projects  of  heavy  construction  in  engineering,  dams  and 
reservoirs  are  probably  the  most  interesting  to  the  public.  In  cost,  in  the 
magnitude  of  materials  moved,  in  their  effect  upon  the  region,  even  a  small 
project  staggers  the  imagination  and  is  beyond  the  experience  of  most 
citizens.  As  engineering  projects,  dams  and  reservoirs  probably  do  more 
to  upset  the  natural  conditions  within  and  adjacent  to  the  project  than 
do  other  types  of  construction.  Not  only  is  the  natural  process  of  stream 
erosion  completely  changed  within  the  reservoir  area  but,  what  is  perhaps 
less  obvious,  the  natural  balance  of  the  process  is  affected  upstream 
from  the  reservoir  and,  of  course  more  obviously,  downstream  from  the 
dam  itself.  Ground  water  conditions  that  all  too  often  may  be  ignored 
because  they  are,  so  to  speak,  “out  of  sight,  out  of  mind”  may  be 
affected  profoundly.  Water  will  not  run  uphill,  except  under  pressure,  but 
a  dam  or  reservoir  may  provide  that  pressure. 

Perhaps  it  should  be  noted  also  that  many  of  today’s  leading  engineer¬ 
ing  geologists  have  attained  much  of  their  fame  because  of  their  associa¬ 
tion  with  reservoir  projects. 

The  Bureau  of  Geology  and  Topography  of  the  New  Jersey  Department 
of  Conservation  and  Economic  Development  in  the  past  year  has  been 
directly  or  indirectly  concerned  with  the  geologic  problems  of  four  dam 
and  reservoir  projects  in  the  state.  Previous  to  1959,  the  bureau  has  been 
concerned  (chiefly  as  a  source  of  regional  geologic  data)  with  these  and 
other  proposed  projects.  The  wide  range  of  geologic  conditions  within 
the  state  —  four  physiographic  provinces  and  rocks  of  every  geologic 
period  except  Carboniferous,  Permian,  and  Jurassic  —  presents  a  wide 
and  complex  variety  of  geologic  problems  in  the  four  projects  (figures 
1  and  2). 

The  first  project  at  the  moment  must  remain  unidentified,  but  is  a  pro¬ 
ject  in  which  the  dam  and  reservoir  are  underlain  by  a  hard,  impermeable 
quartzite.  Here  the  main  problem  is  one  of  determining  the  detailed  geo¬ 
logic  structure  with  particular  reference  to  the  faults  and  jointing  of  the 
gently  folded  formation  that  is  about  1500  feet  thick.  The  bureau  has 
been  assisting  the  engineers  and  geologic  consultants  in  determining  the 
details  of  spacing,  continuity,  and  direction  of  faults  and  joints,  since 
these  would  be  potential  zones  of  leakage  from  a  reservoir  several  hundred 
feet  above  the  adjacent  valleys. 

The  Charlotteburg  Reservoir  is  the  newest  of  the  system  of  six  reser¬ 
voirs  in  the  Pequannock  Watershed  of  Newark  and  is  the  second  of  the 
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four  projects.  It  will  be  the  first  of  the  newer  reservoirs  in  New  Jersey  in 
operation,  since  more  than  50  per  cent  of  construction  is  completed. 

Although  some  of  the  reservoir  is  underlain  by  Paleozoic  sediments, 
the  dam  foundation  is  entirely  within  Precambrian  gneisses  intensely 
folded  and  metamorphosed.  Intruded  into  these  rocks  are  at  least  9  fine¬ 
grained  diabase  dikes,  probably  of  Triassic  age,  varying  in  thickness 
from  2  inches  to  6  feet,  with  an  average  of  about  2*/^  feet  within  the  dam 
foundation  or  in  close  proximity  to  it.  Small-scale  faulting  is  present, 
especially  in  the  valleys.  Most  of  the  faulting  is  prediabase  intrusion, 
but  at  least  one  of  the  dikes  has  been  displaced  by  faulting.  The  joint 
system  in  the  Precambrian  consists  of  3  major  sets  striking  northwest, 
with  steep  dips  to  the  southwest  or  northeast  and  a  fourth  set  dipping 
moderately  northeast. 

The  New  Jersey  Geological  Survey  was  called  on  to  assist  the  geol¬ 
ogist,  Arthur  B.  Cleaves,  of  the  United  States  Bureau  of  Public  Roads, 
and  the  project  engineers  in  mapping  the  bedrock  of  the  dam  site  with 
particular  reference  to  the  jointing  in  order  to  determine  if  there  were 
any  recognizable  pattern  and,  if  so,  whether  this  pattern  would  influence 
the  grouting  program.  Since  most  of  the  joint  sets  were  steeply  dipping 
and  often  were  thrown  into  the  other  quadrant  of  dip,  joint  roses  proved 
impractical  in  furnishing  the  engineers  with  an  azimuth  and  angle  for 
drilling  their  grout  holes.  However,  by  plotting  the  joints  on  a  Schmidt 
net,  using  Kurt  Lowe’s  method  of  counting  out  petrofabric  diagrams,  we 
were  able  to  furnish  the  required  information.  Grouting  will  require  at 
least  two  series  of  holes  on  different  azimuths,  inclined  at  different 
angles. 

The  grout  holes  thus  far  completed  on  the  recommended  diagonal 
direction  have  intercepted  about  85  per  cent  of  the  joints  as  satisfactory 
high  angles  to  the  core. 

Because  the  joints  themselves  are  nearly  vertical,  the  use  of  vertical 
holes  would  have  been  most  costly  and  perhaps  impractical.  By  applying 
a  technique  used  in  petrofabric  analysis  to  the  direction  of  core  drilling, 
a  minimum  footage  has  been  made  to  perform  a  maximum  service.  This 
is  another  example  of  the  application  of  all  phases  of  geology  to  an 
engineering  problem. 

A  second  minor  problem,  lenses  of  varved  clay  and  gravel  in  the 
northwest  abutment,  was  worked  out  with  Paul  MacClintock  of  Princeton 
University.  Here  a  specialist  was  called  on  to  identify  very  similar 
deposits  of  glacial  till,  make  a  till  fabric  diagram  to  determine  the 
direction  of  ice  movement,  and  then  reconstruct  the  glacial  history  of  the 
area.  With  this  information  at  hand,  selected  core  borings  were  checked 
again  to  verify  this  sequence  of  events  to  determine  whether  any  buried 
Ice  Age  stream  channels  of  sand  and  gravel  might  exist  through  the 
northeastern  reservoir  rim.  This  problem  points  up  the  occasional  need 
to  obtain  the  service  of  a  specialist  in  a  particular  field  of  geology 
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and  also  the  importance  of  reconstructing  the  full  history  of  geologic 
events  in  the  area  of  a  major  engineering  project. 

The  third  project  is  that  now  under  investigation  by  the  Department  of 
Conservation  and  Economic  Development  at  Round  Valley.  The  Bureau 
of  Geology  assisted  the  North  Jersey  District  Water  Supply  Commission 
in  the  original  geologic  investigation  of  preliminary  core  borings.  In  1958 
the  bureau  was  actively  engaged  in  regional  geologic  studies  that  are 
still  continuing. 

Cushetunk  Mountain,  a  ring  dike  of  Triassic  diabase,  forms  the  north, 
east,  and  south  rims  of  a  55-billion-gallon  “off-river”  reservoir  that  will 
occupy  Round  Valley,  in  Hunterdon  County  (figure  3).  Round  Valley 
is  underlain  by  Triassic  shale  that  has  a  dip  and  strike  similar  to  that 
outside  of  the  valley.  The  west  side  of  the  valley  and  reservoir  is  under¬ 
lain  by  Precambrian  gneiss  and  infaulted  Cambrian  quartzite.  A  major 
branch  of  a  regional  fault  runs  northward  through  the  south  dam  site, 
branches  within  the  valley,  and  runs  out  of  the  valley  northward  as  two 
faults  under  the  sites  of  the  north  dam  and  dike. 

The  contacts,  jointing,  and  other  characteristics  of  the  diabase  mass 
are  concealed  by  the  thick  woods  and  talus  slopes  of  Cushetunk  Mountain. 
Older  geologic  reports  suggested  that  the  diabase  was  a  cone  sheet 
related  to  a  diabase  plug  in  the  northwest  corner  of  Round  Valley.  A 
broadening  of  the  diabase  outcrop  at  the  southwest  end  of  the  outcrop 
“horseshoe”  would  lend  credence  to  this  assumption.  However,  a  geo¬ 
physical  survey  by  William  Bonini  and  students  of  Princeton  University, 
completed  for  the  Department  of  Conservation  and  Economic  Development, 
indicates  that  the  diabase  dips  outward  at  an  angle  of  60^  or  more,  thus 
forming  a  ring  dike.  Core  drilling  on  the  rim  on  100-foot  centers  has  not 
been  sufficiently  deep  or  close  to  verify  the  angle  of  dip  of  the  contact. 
A  ring  dike  would  seem  to  be  slightly  more  desirable  than  a  cone  sheet 
if  there  were  any  potential  leakage. 

The  resident  geologists  for  the  design  engineers  for  this  project 
-  Porter,  Urquhart,  McCreary  and  O’Brien  of  Newark  —  have  the  respon¬ 
sibility  for  the  detailed  geology  of  the  area,  but  have  been  assisted 
by  the  bureau  staff  in  the  examination  of  core  samples  and  in  structural 
interpretations,  because  the  local  details  of  structure  are  so  much  a  part 
of  the  regional  pattern. 

In  the  early  stages  of  the  examination  of  core  samples  from  the  northern 
fault  areas,  one  core  effervesced  freely  when  acid  was  applied.  Immedi¬ 
ately  it  was  assumed  that  a  block  of  Kittatinny  limestone,  which  normally 
lies  above  the  quartzite,  had  been  dragged  down  into  the  fault  zone.  A 
petrographic  thin  section  solved  the  problem,  as  it  showed  badly  fractured 
gneiss  rehealed  by  abundant  calcite. 

The  fourth  project  is  the  11-billion-gallon  “on  stream”  reservoir  on 
Spruce  Run  just  north  of  Clinton,  N.  J.,  about  5  miles  west  of  Round 
Valley  (figure  3).  It  became  apparent  in  May  1959  that  the  geologic 
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IGURE  3.  General  north-south  cross  section  throughout  the  Spruce  Run  Reservoir  along  the  general 
of  Spruce  Run  and  the  South  Branch  of  the  Raritan  River.  The  lower  section  is  a  north-west  south- 
section  through  Round  Valley  more  or  less  parallel  to  the  road  running  down  the  center  of  the  valley 
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investigation  of  the  site  needed  re-enforcement.  Salvatore  A.  Bontempo 
of  the  Department  of  Conservation  and  Economic  Development  therefore 
assigned  the  Bureau  of  Geology  to  participate  actively  in  the  geologic 
investigation.  Previous  to  this  decision,  the  bureau  had  been  concerned 
only  with  the  regional  geologic  picture  and  the  logging  of  core  from  the 
boring  program. 

The  dam,  spillway,  about  one  half  of  the  reservoir,  and  the  entire  east 
rim  of  the  reservoir  are  underlain  by  Ordovician  Kittatinny  limestone. 
The  west  dike,  one  half  of  the  more  easterly  dike,  and  the  western  part 
of  the  reservoir  are  underlain  by  late  Ordovician  Martinsburg  shale.  Both 
formations  are  highly  faulted  and,  in  some  places,  the  limestone  is  quite 
highly  folded.  Precambrian  gneiss  is  in  fault  contact  with  both  limestone 
and  shale  on  the  north.  Gneiss  and  Cambrian  quartzite  are  found  east 
of  the  reservoir.  More  or  less  east-west  faults  affect  the  gneiss,  the 
Hardyston  quartzite,  and  the  limestone  in  the  eastern  part  of  the  reservoir. 

In  the  early  stages  of  the  development  of  the  geologic  structure,  the 
topographic  maps  were  examined  for  “linears’*  that  were  checked  in  the 
field  and  then  on  air  photos.  Where  the  Hardyston  quartzite  has  been 
offset  by  the  above-mentioned  faults  and  where  major  structures  crossed 
several  rock  types  this  method  proved  speedy  and  effective. 

Seismic  and  resistivity  surveys  were  also  made  to  determine  the  depth 
to  sound  rock.  Later  information  from  core  borings  confirmed,  in  general, 
the  interpretations  made  of  the  geophysical  data.  It  should  be  noted  that 
these  interpretations  were  difficult  to  make  and  have  not  always  been 
successful.  These  studies  were  greatly  expedited  by  running  the  early 
tests  between  two  parallel  lines  of  drill  holes. 

In  the  area  underlain  by  shale,  determination  of  the  geologic  structure 
required  detailed  stratigraphic  work  and  field  examination  of  a  large 
area  adjacent  to  the  reservoir.  Once  a  more  or  less  normal  section  had 
been  determined,  individual  shale  types  and  marker  beds  were  traced 
into  the  reservoir  area.  The  shale  was  found  to  be  overthrust,  and  certain 
areas  that  seemed  inconsistent  were  found  to  be  limestone  beds  in  the 
normal  shale  sequence,  not  fault  slices  of  the  underlying  Kittatinny 
limestone. 

Throughout  the  study  a  great  deal  of  attention  was  paid  to  the  static 
water  level  as  the  core  holes  were  put  down.  Well  and  spring  infor¬ 
mation  was  gathered,  and  ground  water  level  data  were  continually 
examined  with  reference  to  rock  type,  structure,  and  the  possible  sig¬ 
nificance  or  cause  of  areas  of  low  or  changing  ground  water  levels. 
Several  problems  are  still  unsolved  in  this  area  of  investigation. 

The  preparation  of  several  projections  and  cross  sections  indicates 
that  the  present  topographic  surface  in  the  area  has  less  relief  than 
did  the  surface  developed  in  early  Triassic  times  on  the  limestone  and 
shale  upon  which  the  Triassic  fanglomerates  were  deposited  before  the 
Paleozoic  rocks  were  exhumed  by  the  present  erosion  cycle.  It  was 
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assumed  that  an  older  set  of  solution  cavities  than  those  formed  by  the 
present  cycle  of  erosion  had  been  developed.  This  assumption  was  con¬ 
firmed  by  brown  clots  in  the  drill  cores  that  turned  out  to  be  fine  silt 
cemented  by  calcite. 

Work  continues  on  the  detailed  geology  of  the  Spruce  Run  area.  In 
addition  to  core  borings  and  open  trenching,  the  geologic  investigation 
has  required  the  application  of  both  regional  and  detailed  structural 
geology,  stratigraphy,  petrography,  petrology,  geophysics,  air  photo 
interpretation,  paleontology  (some  microfossils  were  found  in  the  cores), 
ground  water  geology,  geomorphology,  historical  geology,  and  Pleis¬ 
tocene  geology. 

These  four  cases  illustrate  the  wide  range  of  geologic  problems  that 
may  be  encountered  in  major  engineering  projects  in  New  Jersey.  They 
also  demonstrate  that  engineering  geology  is  the  application  of  all 
phases  of  geology  to  engineering  problems  and  not,  as  is  often  assumed, 
a  branch  of  geology. 


References 

RANSOME,  F.  L.  1929.  Geology  of  the  St.  Francis  dam  site.  Econ.  Geol.  :5S3. 
Berkey,  C.  P.  1929.  Responsibilities  of  the  geologist  in  engineering  projects. 
A.  I.  M.  E.  Tech.  PubL  215. 

PAIGE,  S.  (Ed.).  1959.  The  geologist  in  the  engineering  organization.  In  Ap¬ 
plication  of  Geology  to  Engineering  Practice.  :2.  Geol.  Soc.  Am.  New  York, 
N.  y. 


» 


4 

) 


SECTION  OF  CHEMICAL  SCIENCES 


NUCLEI  FORMATION  AND  CRYSTAL  GROWTH  IN 
MINERALIZING  TISSUES* 

Albert  E.  Sobel,  Penni  A.  Laurence,  Martin  Burger 

Department  ol  Biochemistry,  The  Jewish  Hospital  of  Brooklyn,  Brooklyn,  N.Y. 

Mineralization  is  widespread  in  lower  as  well  as  vertebrate  organisms. 
In  lower  animals  mineralized  tissues  are  external,  composed  predom¬ 
inantly  of  calcium  carbonate.  In  vertebrates  they  are  internal,  consisting 
predominantly  of  calcium  phosphate  with  some  carbonate.  This  discussion 
will  be  confined  to  the  mineralization  of  bones  and  teeth  in  vertebrates. 
However,  the  general  principles  probably  apply  also  to  mineralization 
in  invertebrates. 

Bone  contains  65  to  70  per  cent  mineral  salts  and  30  to  35  per  cent 
organic  matter.  *  Of  the  organic  fraction,  approximately  95  per  cent  is 
collagen.  X-ray  diffraction  studies  define  the  mineral  fraction  as  apatite, 
organized  as  illustrated  in  figure  1.  The  crystals  are  oriented  parallel 
to  the  collagen  fibers.  The  composition  can  be  expressed  empirically 
as  [Ca3(P04)2]n  •  CaCOs,  in  which  some  carbonate  is  replaceable  by 
citrate  and  fluoride,  and  some  calcium  is  replaceable  by  magnesium, 
sodium,  strontium,  lead,  and  hydrogen.^  Most  variations  in  composition 
occur  in  the  adsorption  layer  (G.  Carlstrdm,  personal  communication). 

N tic  lei  Formation 

Nuclei  formation,  the  first  step  in  the  mineralizing  process,  may  be 
described  as  the  emergence  from  a  metastable  phase  of  the  first  fragments 
of  a  new  phase  capable  of  growth  into  larger  aggregates.  In  bone  we  are 
referring  to  the  emergence  of  a  solid  from  solution.  Better  understanding 
of  the  mineralization  of  tissues  awaits  the  future  development  of  a  gener¬ 
al  theory  of  nucleation  of  a  solid  from  solution. 

According  to  R.  Ginell  (personal  communication),  of  the  many  possible 
associations  of  particles,  only  certain  configurations  are  capable  of 
acting  as  prenuclei  of  crystal  growth,  and  their  formation  requires  activa¬ 
tion  energy.  ^  Best  ^  developed  an  equation  for  the  formation  of  calcium 
phosphate  microaggregates  in  the  absence  of  nucleating  catalysts  by 
a  bimolecular  reaction.  However,  it  is  inadequate  to  define  the  nucleation 
of  bone  mineral. 

*  This  paper,  illustrated  with  slides,  was  presented  at  a  meeting  of  the  Section  on 
January  5,  1960.  The  work  described  was  supported  in  part  by  the  United  States  Air  Force 
under  contract  AF  41(65 7)-229  monitored  by  the  School  of  Aviation  Medicine,  USAF, 
Randolph  AFB,  Texas;  the  National  Institute  of  Dental  Research,  Public  Health  Service, 
Grant  D-55,  Bethesda,  Md.;  and  the  Office  of  Naval  Research  Project  NR  105-025,  Wash¬ 
ington,  D.C.  Reproduction  in  whole  or  in  part  is  permitted  for  any  purpose  of  the  United 
States  government. 
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Figure  2.  Ca  X  P  product  at  various  stages  of  nuclei  formation  and  crystal 
growth. 

by  Gutman  to  include  phosphorylative  glycogenolysis.  “  The  demon¬ 
stration  of  ATP  in  calcifying  cartilage  supports  the  view  that  it  is 
directly  involved  in  nuclei  formation  by  splitting,  providing  phosphate 
and  energy. However,  phosphatase,  ATP,  and  the  glycolytic  enzymes 
are  not  confined  to  mineralizing  tissues,  whereas  the  sites  of  mineral¬ 
ization  are  defined  exactly. 

Two  findings  led  to  the  modern  concept  of  mineralization:  (1)  recon¬ 
stituted  acid-soluble  collagen  as  well  as  acid-insoluble  collagen  (cross- 
linked)  induce  nucleation, suggesting  that  this  protein  is  the 
catalyst  of  nuclei  formation  in  bone;  and  (2)  nuclei  in  their  first  stages 
of  growth  (produced  in  preosseous  cartilage)  will  continue  to  grow  in 
a  histologically  valid  manner  after  destruction  of  the  nucleating  mech¬ 
anism.  In  the  tissues  the  nucleating  collagen  probably  is  a  complex 
with  a  mucopolysaccharide  or  mucoprotein.  To  date,  calcifiability  in 
demineralized  bone  seems  to  be  restored  best  after  treatment  with  muco¬ 
polysaccharides;  the  restored  mineralization  is  confined  to  the  usual 
calcifying  sites  (Sobel,  A.  E,  and  M.  Burger,  in  preparation).  In  addition. 
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there  is  histochemical  evidence  for  the  involvement  of  mucopolysac¬ 
charides  in  calcifying  cartilage:  (1)  metachromatically  active  substances 
occur  in  the  calcifying  matrix  immediately  prior  to  the  onset  of  calcifi¬ 
cation  (Irving,  J.  T.,  personal  communication);  (2)  both  metachromasy  and 
nucleating  ability  disappear  in  bones  that  have  been  frozen  and  reappear 
after  treatment  with  calcium  chloride;*®  and  (3)  metachromasy  in  preos- 
seous  cartilage  is  enhanced  by  calcium  ions.  Metachromasy  induced  by 
pure  chondroitin  sulfate  and  other  metachromatically  active  polyelectro¬ 
lytes  disappears  in  the  presence  of  calcium  ions.*®  This  implies  com¬ 
bination  of  some  or  all  of  the  metachromatically  active  substance  with 
a  protein,  probably  collagen.  Calcium  is  probably  required  for  activation 
of  the  nucleating  system  in  preosseous  cartilage,*®  but  may  not  be 
required  in  true  bone.  Restoration  of  calcifiability  in  demineralized 
preosseous  cartilage  requires  calcium  ions,*®  while  mineralizability  of 
demineralized  true  bone  is  partially  restored  without  calcium  activation, 
and  the  mineralization  of  reconstituted  collagens  does  not  require  calcium 
activation  (Sobel,  A.  E.  and  M.  Burger,  in  preparation).*^'*® 

The  highly  localized  nature  of  normal  mineralization  suggests  the 
presence  of  a  specific  collagen  in  the  matrix,  which  differs  from  the 
collagens  in  nonmineralizing  connective  tissues.**  For  example,  non¬ 
ossifying  epiphyseal  cartilage  does  not  mineralize  even  after  calcifia¬ 
bility  is  restored  in  demineralized  rachitic  tibial  sections  (Sobel,  A.  E. 
and  M.  Burger,  in  preparation).  The  selective  action  of  the  nucleating 
system  is  demonstrated  by  its  inability  to  form  nuclei  with  strontium, 
although  strontium  can  contribute  to  crystal  growth  after  calcium-con¬ 
taining  nuclei  are  produced.** 

The  active  centers  of  the  nucleating  molecule  probably  contain  two 
ion-capturing  sites.  This  view  is  supported  by  the  transformation  of 
nonstriated  collagen  fibers  to  collagen  striated  with  a  periodicity  of 
640  A  by  either  calcium  or  phosphate  ions.*®  The  cation-linked  inhibi¬ 
tion  of  calcification  in  vitro  by  fluoride,  cyanide,  and  iodoacetate  ions 
also  suggests  two  sites. *^'*® 

Nticlei  formation  in  bone:  a  proposed  mechanism.  The  active  form  of 
the  nucleating  center,  probably  between  collagen  protofibrils,  is  brought 
out  by  interaction  with  a  mucopolysaccharide  or  mucoprotein  and  probably 
requires  calcium  ions  in  preosseous  cartilage.  These  centers  are  selec¬ 
tive  in  that  they  will  not  catalyze  nucleation  with  strontium  ions.  To 
increase  metastability,  calcium  and  phosphate  ions  are  probably  con¬ 
centrated.  They  are  then  captured  at  two  sites,  or  a  prenucleus  may  be 
captured,  subsequently  undergoing  transformation  to  nuclei  in  situ,  by 
means  of  a  lock-and-key  mechanism**  (figure  3).  The  energy  for  nuclei 
formation  is  probably  provided  by  a  specialized  mechanism. 

Components  of  the  nucleating  system,  present  in  the  calcifying  matrix,  » 
which  may  provide  energy  and/or  concentrate  the  ionic  species  are: 

(1)  phosphatase;  (2)  the  enzymes  of  phosphorylative  glycogenolysis; 


Me 

INACTIVE 


NUCLEUS 

Figure  3.  Model  of  nuclei*fonning  mechanism  including  reversible  inactiva* 
tion  by  calcium*substituting  ions.  The  nuclei  are  formed  between  the  collagen 
protofibrils  at  selective  sites  activated  by  calcium.  The  complete  system  is 
activated  by  a  mucoprotein  or  mucopolysaccharide,  and  utilizes  energy  such  as 
is  obtained  from  ATP,  UTP,  glycolytic,  and/or  citric  acid  cycles.  The  actual 
mechanism  must  be  visualized  as  a  three-dimensional  process. 

(3)  the  enzymes  of  the  citric  acid  cycle;  and  (4)  energizing  compounds 
such  as  ATP  and  UTP.  In  addition,  there  is  probably  a  calcium-concentra¬ 
ting  system,  so  far  undefined. 

The  more  exact  definition  of  the  nucleating  system  remains  a  fas¬ 
cinating  subject  for  further  study.  Some  unanswered  questions  are  out¬ 
lined;  (1)  What  is  the  chemical  potential  of  nuclei  formation?  (2)  What 
groups  in  the  nucleating  matrix  participate  in  the  capture  of  calcium  and 
phosphate  ions?  (3)  What  is  the  role  of  mucopolysaccharides  or  muco- 
proteins?  (4)  How  do  energizing  agents  participate  in  nucleation?  (5)  What 
is  the  degree  of  specificity  and  selectivity  of  the  nucleating  mechanism? 
(6)  What  are  the  circumstances  that  bring  about  nucleation  at  abnormal 
sites  in  the  body? 

Crystal  Growth 

The  growth  of  nuclei  into  ionic  crystals  depends  on  the  maintenance 
of  a  state  of  supersaturation  (metastable  liquid  phase)  with  respect  to 
the  nuclei.  Another  factor,  according  to  Turkevitch,  is  the  presence  of 
an  impurity.*’  The  “driving  force”  for  further  growth  requires  physical 
or  chemical  imperfections.  This  is  in  harmony  with  Frank’s  concept  of 
spiral  dislocation,  a  self-perpetuating  surface  imperfection,  which  permits 
the  addition  of  ions  layer  by  layer. 

Regarding  the  rate  of  growth  of  bone  hydroxyapatite  crystals,  which  are 
of  colloidal  dimensions,  it  is  interesting  to  consider  the  law  of  growth  of 
fine  particles:*’  the  rate  of  growth  of  a  colloidal  particle  is  proportional 
to  its  diameter  (the  larger  the  particle  the  faster  it  grows;  the  smaller 
the  particle  the  slower  it  grows).  This  also  follows  from  equations  for 
the  solubility  product  of  calcium  phosphate,  in  which  the  rate  of  growth 
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decreases  as  the  surface-to-volume  ratio  approaches  zero.  ^  This  is  in 
contrast  to  the  rate  of  growth  of  larger  crystals,  where  the  rate  is  in¬ 
versely  proportional  to  the  diameter.^®  The  initial  aggregate,  probably 
a  more  soluble  calcium  phosphate  such  as  CaHP04,  undergoes  trans¬ 
formation  to  Caio(PO 4)6(011)2,  which  is  less  soluble  than  CaHP04  and 
is  likely  to  grow  more  rapidly.  The  increased  velocity  of  crystal  growth 
after  transformation  and  with  increasing  diameter  may  explain  why  osteons 
are  already  at  least  70  per  cent  mineralized  by  the  time  they  are  dis¬ 
cernible  and  may  account,  too,  for  the  extremely  rapid  rate  of  calcification.^ 
Habit  modification.  The  character  of  the  final  bone  crystal  depends 
on  the  basic  lattice  structure,  as  well  as  the  influence  of  trace  impurities 
in  modifying  the  shape  of  the  growing  crystal.  The  action  of  such  impuri¬ 
ties,  referred  to  as  habit  modifiers,  is  illustrated  in  figure  4.^°  Habit 
modification  occurs  in  hydroxyapatite  on  exposure  to  various  concentra¬ 
tions  of  citrate,  which  affect  both  size  and  shape  of  the  crystals.  Dyes 
that  can  be  preferentially  adsorbed  on  one  facet  of  a  crystal  can  modify 


Figure  4.  Stages  in  the  modification  of  habit  of  sodium  chloride  crystal 
from  cubic  to  octahedral. 
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its  growth  so  that  it  takes  place  more  rapidly  in  other  planes. As  a 
simple  example,  if  growth  of  the  crystal  is  uninhibited,  all  facets  grow 
at  their  normal  rate  (figure  5a  and  b).  If  two  of  three  dimensions  are 
inhibited  from  further  growth,  then  the  inhibited  plane  will  remain  small 
and  the  third  dimension  will  elongate.  The  growing  crystal,  confined  as 
in  a  “strait jacket,”  will  enlarge  in  the  long  axis  (figure  5a  and  c). 
Inhibiting  forces  applied  continuously  can  cause  convergence  of  the 
elongating  crystal  to  a  point,  that  is,  dimensions  of  facets  in  the  inhibited 
plane  will  gradually  decrease  to  zero.  Crystal  growth  will  then  cease 
(figure  5a  and  d). 


0  and  c  oxes  of  heiogonal  (d) 

crystal  syslain 


Figure  5.  Habit  modification  of  hexagonal  crystal  (schematic):  (a)  original 
hexagonal  crystal;  (b)  hexagonal  crystal  after  further  growth  with  no  habit 
modification;  (c)  habit  modification  with  convergence  of  a-axes  to  a  point, 
while  the  crystal  elongates  in  its  c-axis.  Such  habit  modification  would  result 
from  surface  inhibition  of  the  initially  rectangular  planes,  which  continues  to 
be  applied,  while  additional  material  is  being  deposited  on  the  hexagonal  ends. 
Here  the  hexagonal  dimensions  decrease  with  continued  inhibition  until  a  point 
(or  zero  dimensions)  is  reached  and  crystal  growth  stops. 

In  bones  and  teeth  habit  modifiers  (or  conceivably  mechanical  bar¬ 
riers)  appear  to  be  arranged  favorably  for  the  longitudinal  growth  of 
crystals  in  the  direction  of  greatest  mechanical  strength.  The  orientation 
of  apatite  crystals^'^  parallel  with  respect  to  collagen  fibers  in  bone 
carries  the  implication  that  collagen  or  some  group  or  compound  bound 
to  collagen  (for  example,  mucoprotein  or  mucopolysaccharide)  may  be 
a  habit  modifier.  The  habit  of  the  crystals  may  be  attributable  to  their 
attachment  to  some  portion  of  the  fibrous  macromolecule,  so  that  longi¬ 
tudinal  growth  is  much  more  rapid  than  transverse  growth.  It  is  difficult 
to  conceive  of  modifiers  other  thait^ome  portion  of  the  collagen  that 
would  orient  the  crystals  parallel  to  the'collagen  fibril. 

Estimated  size  of  bone  crystals.  The  largest  hydroxyapatite  ^crystal 
that  has  been  prepared  in  the  laboratory  is  2.0  mm.,  or  2  x  10^  In 
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bones  and  teeth  the  hydroxyapatite  crystals  are  much  smaller.  Carlstrdm 
et  al.  reporta  crystal  640  A  long, and  previously  reported  a  smaller 
crystal  220  A  in  length.*  Enamel  crystals  as  long  as  1,600  to  6,000  A 
have  been  observed.*’®'*®  The  possibility  has  been  proposed,  however, 
that  the  larger  enamel  crystal  is  composed  of  smaller  units  of  300  A  held 
together  by  organic  fibers.*®  Recent  observations  of  Molnar**  lend 
strength  to  the  suggestion  of  Fabry*®  that  the  ultimate  bone  crystal  is 
a  fused  aggregate  of  microcrystals  rather  than  the  product  of  extended 
growth  of  single  crystals.  Electron  microscope  studies  of  parietal  bone 
in  very  young  mice  reveal  crystals  traced  to  lengths  of  as  much  as  3000 
to  4000  A,  all  of  which  demonstrated  subunits  of  approximately  50  A 
length.**  Such  results  suggest  that,  in  the  body,  factors  limiting  the 
size  of  the  hydroxyapatite  crystals  are  in  effect  when  they  are  still 
well  within  the  colloidal  range.  Habit  modification  probably  contributes 
to  the  small  crystal  size. 

Cessation  of  crystal  growth.  Two  general  concepts  of  the  mechanism 
of  cessation  of  crystal  growth  have  become  subjects  of  speculation: 

(1)  Certain  ions  or  compounds  adsorbed  on  the  surface  of  a  crystal 
in  bonds  stronger  than  those  exerted  among  the  ions  composing  the  lat¬ 
tice  may  interfere  with  crystal  growth.  **’**’^°’^*  The  reversible  in¬ 
hibition  of  apatite  crystal  growth  by  surface  binding  of  beryllium  ions 
has  been  demonstrated.^®’^*  Such  ions  as  carbonate  and  citrate,  or 
possibly  polyphosphates  or  some  organic  cation,  may  be  proposed  as 
surface  inhibitors  causing  cessation  of  crystal  growth.  Our  studies  indi¬ 
cate  that  in  the  calcification  of  collagen,  as  well  as  in  preosseous 
cartilage,  crystals  are  attached  to  the  organic  matrix.*^  Thus  groups 
in  the  matrix,  coming  into  firmer  contact  with  the  larger  crystals,  may  be 
the  equivalent  of  a  surface  inhibitor.  Preferential  attachment  to  certain 
surfaces  is  offered  as  an  explanation  of  inhibitors  of  crystal  growth  that 
become  effective  only  when  the  crystals  reach  a  certain  size,  in  contrast 
to  inhibitors  that  are  attached  to  all  surfaces  and  stop  growth  at  a  wide 
range  of  sizes. 

(2)  A  second  concept  of  the  cessation  of  crystal  growth  is  based  on 
the  assumption  of  decreased  contact  with  extracellular  fluid  as  the  crystal 
matures;  thus  the  components  for  crystal  growth  are  not  available.  Both 
mechanisms  may  be  visualized  as  playing  a  role  in  the  cessation  of 
crystal  growth,  since  the  mature  crystal  is  in  contact  with  the  collagen 
fiber  without  any  appreciable  water  space. 

Composition  of  bones  and  teeth.  The  composition  of  calcified  tissues 
in  vivo  is  related  to  the  composition  of  blood  serum,  which  can  be  regu¬ 
lated  by  the  diet.®’^*  The  amount  of  carbonate  adsorbed  depends  on  the 
C03:P04  ratio  of  the  solution, ®’^*''’*  which  is  a  function  of  the  ratio 
of  [Ca‘^][C03=]  to  [Ca++][HP04=].  Similarly,  it  is  likely  that  strontium 
deposition  is  related  to  the  ratio  of  [Sr"*^]  [HP04~]  to  [Ca"*^]  [HP04~], 
and  thus  to  the  Sr:Ca  ratio. 
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Summary 

Nucleation  in  mineralizing  tissues  requires  a  solution  phase  whose 
chemical  potential  [A c  [A  „  p  o  4^  ‘s  above  that  of  the  nuclei.  The 

active  nucleating  center  is  visualized  as  a  site  or  adjacent  sites  between 
collagen  protofibrils  capturing  a  cluster  of  calcium  and  phosphate  ions. 
The  shape  of  the  active  center  is  specific  for  conversion  of  the  captured 
ions  to  a  nucleus  via  a  lock-and-key  mechanism.  The  complete  system 
probably  contains  a  mucoprotein,  the  glycolytic  cycle,  ATP  and  UTP,  and 
a  postulated  calcium-concentrating  mechanism.  Subsequent  growth  of 
apatite  crystals  proceeds  at  a  lower  chemical  potential  than  that  required 
for  nuclei  formation. 

The  rate  of  growth  is  proportional  to  the  diameter  of  the  particles 
which  are  colloidal  in  size.  Trace  components  can  modify  crystal  habit 
and  may  be  factors  in  determining  the  shape  as  well  as  the  size  of  bone 
mineral  crystals.  Orientation  of  bone  crystals  parallel  to  the  collagen 
fibrils  implies  that  the  organic  matrix  acts  as  a  habit  modifier. 

Cessation  of  crystal  growth  is  probably  caused  by  surface  inhibitors, 
and  possibly  decreased  renewal  of  fluids  surrounding  the  crystals.  The 
inorganic  composition  of  bone  is  related  to  the  composition  of  the  sur¬ 
rounding  fluid.  Variations  in  composition  are  visualized  as  occurring 
in  the  amorphous  adsorption  layer  surrounding  the  crystal  proper,  while 
the  crystalline  core  is  visualized  as  hydroxyapatite  of  relatively  constant 
composition. 
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SECTION  OF  BIOUOGICAL  AND  MEDICAL  SCIENCES 

ACTION  OF  LUNG  CHEMORECEPTORS  ON  THE 
CARDIOINHIBITORY  CENTER* 

P.  Rudomin  Z.t 

National  Institute  of  Cardiology,  Mexico,  D.  F.,  Mexico 

The  effectiveness  of  the  circulatory  system  depends  on  its  adjustments 
to  bodily  requirements.  These  adjustments  can  be  of  intrinsic  or  ex¬ 
trinsic  nature:  they  can  depend  on  the  inherent  properties  of  the  cardiac 
and  vascular  tissues,  or  on  external  influences  such  as  those  exerted 
by  the  autonomic  nervous  system. 

It  is  the  purpose  of  this  paper  to  review  some  observations  concerning 
the  extrinsic  factors  that  control  heart  rate. 

The  heart  rate  is  determined  by  cardioaccelerator  and  cardioinhibitor 
reflexes.  The  relative  magnitude  of  these  influences  depends  largely 
on  the  afferent  circulatory  information. 

The  circulatory  system  contains  receptors  that  are  sensitive  to  blood 
pressure,  cardiac  frequency  and  blood  oxygen  saturation.  The  discharges 
of  these  receptors  will  activate  compensatory  reflexes,  that  is,  reflexes 
that  tend  to  produce  variations  in  the  direction  opposite  to  the  changes 
that  activate  them  (negative  feedback).  The  result  will  be  a  more  ac¬ 
curate  adjustment  of  the  heart  rate  to  different  requirements. 

Anatomical  Remarks 

This  afferent  information  is  first  integrated  in  the  corresponding 
medullary  centers.  We  shall  consider  as  ‘‘cardioinhibitory  center”  that 
part  of  a  cardioinhibitory  reflex  located  in  the  medulla  without  regard 
to  its  precise  anatomical  location  (figure  1). 

The  receptors  connected  to  this  center  are  numerous,  but,  in  so  far 
as  is  known,  most  of  their  afferent  messages  arrive  through  the  vagi  and 
glossopharyngeal  nerves.  These  receptors  are  sensitive  to  blood  pres¬ 
sure  changes  (as  are  those  located  in  the  aortic  arch  and  carotid  sinus) 
and  to  other  factors,  such  as  pulmonary  or  visceral  stretch.  There  are 
also  receptors  sensitive  to  blood  oxygen  saturation  changes  (such  as 
those  located  in  the  aortic  and  carotid  glomi),  but  there  is  disagreement 
as  to  whether  they  activate  also  the  cardioinhibitory  center  (for  detailed 
discussion  see  Alvarez-Buylla,  1951;  Heymans  and  Neil,  1958;  and 
Korner,  1959). 

*This  paper,  illustrated  with  slides,  was  the  first  of  two  papers  presented  at  a  meeting 
of  the  Section  on  January  11,  1960* 

'I'Guest  investigator  at  the  Rockefeller  Institute,  New  York,  N.Y.,  and  a  Fellow  of  the 
John  Simon  Guggenheim  Memorial  Foundation,  New  York,  N.Ys 


244 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


245 


GL0SS0PUkRYN6EAL  NERVE 


Figure  1.  Diagram  of  the  central  pathways  of  the  cardlolnhibltory  reflexes 
described  in  this  paper.  Afferent  fibers  (the  aortic  nerve  and  Hering's  nerve)  make 
their  first  synaptic  relay  at  the  nucleus  solitarius  and  commisural  nucleus.  Vagal 
fibers,  originating  in  the  dorsal  nucleus,  constitute  the  efferent  pathway.  There 
is  no  direct  histological  evidence  for  the  possibility  that  a  great  number  of 
fibers  extends  from  the  sensory  to  the  motor  nuclei  (Cajal,  1909);  their  existence 
is  therefore  inferred  from  physiological  evidence  (broken  lines).  The  view  com¬ 
monly  held  is  that  efferent  cardiac  vagal  branches  originate  from  the  dorsal 
nucleus.  However,  no  critical  study  is  known  to  the  author  that  rules  out  con¬ 
tributions  from  the  ambiguous  nucleus.  Arrows  indicate  pathways  normally 
active  during  physiological  or  electric  stimulation  of  the  afferent  nerves. 

In  the  rabbit  the  baroreceptors  of  the  aortic  arch  are  separated  from 
the  rest  of  the  vagus  constituting  the  depressor  or  Cyon-Ludwig  nerve. 
Stimulation  of  the  central  end  of  this  nerve  produces  diminution  of  the 
heart  rate.  This  effect  is  due  chiefly  to  an  increase  of  vagal  activity, 
although  there  is  also  a  delayed  decrease  of  the  sympathetic  tone  with¬ 
out  significance  for  short  periods  of  stimulation  (Bronk  et  al.,  1936; 
Alexander,  1946). 

Input-Output  Relationships  During  Normal  Ventilation 

The  correlation  between  the  stimulus  (input)  and  the  magnitude  of  the 
decrease  of  heart  rate  (output)  gives  us  an  idea  of  the  degree  of  reflex 
excitability  of  the  cardioinhibitory  center.  Bradycardia  obtained  by 
stimulation  of  the  central  end  of  the  depressor  nerve  increases  as  fre¬ 
quency  or  intensity  of  stimulation  is  increased.  In  the  lightly  anesthetized 
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rabbit  this  correlation  is  a  hyperbolic  one  (Rosenblueth,  1934;  Rudomin 
et  aU,  1959a).  This  relationship  is  not  the  direct  representation  of  the 
input-output  characteristics  of  the  cardioinhibitory  center,  because  it  is 
partially  distorted  by  a  peripheral  limiting  factor.  The  correlation  of  the 
frequency  of  stimulation  of  the  efferent  side  of  this  reflex  and  heart 
rate  diminution  is  also  hyperbolic  (Rosenblueth,  1934,1950).  However,  as 
all  the  effects  considered  here  are  not  due  to  a  peripheral  change,  we 
can  accept  the  observed  variations  as  indications  of  changes  in  the 
input-output  correlations  of  the  cardioinhibitory  center  (Rudomin  et  aU, 
1959a;  Rudomin  and  Rubio,  19596).  The  input-output  relationship  is  very 
constant  for  a  given  set  of  experimental  conditions.  Changes  of  lung 
ventilation,  blood  pressure,  depth  of  anesthesia,  and  blood  sugar  content 
modify  the  output  (Rudomin  et  at.,  1959a;  Rudomin  and  Rubio,  19596; 
Rudomin  1960a). 

In  addition  to  the  temporal  input-output  correlations,  we  can  also 
study  occurence  of  spatial  summation  in  the  cardioinhibitory  center  by 
simultaneous  stimulation  of  both  depressor  nerves.  During  hyperventila¬ 
tion  or  ventilation  with  100  per  cent  oxygen,  bradycardia  produced  by 
simultaneous  stimulation  of  both  depressor  nerves  is  equal  or  slightly 
less  than  the  algebraic  sum  of  the  effects  produced  by  separate  stimula¬ 
tion  of  either  nerve.  This  reveals  a  small  degree  of  central  occlusion 
(Creed  et  aU,  1932).  During  normal  ventilation  small  degrees  of  occlusion 
or  of  facilitation  are  usually  found  (Rudomin  et  al.,  1959a). 

The  relative  distributions  of  the  vagal  output  between  the  two  vagi 
nerves  depend  upon  the  pulmonary  ventilation.  During  hyperventilation 
or  ventilation  with  100  per  cent  oxygen  bradycardia  obtained  by  stimula¬ 
tion  of  the  depressor  nerve  is  due  chiefly  to  activation  of  the  ipsilateral 
vagal  efferent  pathways.  Thus  there  is  a  limited  central  crossing 
(Heymans,  1929;  Reed  and  Scott,  1955;  Rudomin  et  aU,  1959a).  During 
normal  ventilation  central  crossing  is  slightly  increased. 


Input-Output  Correlations  During  Hypoxia  and  Hypoventilation 

During  moderate  hypoxia  or  hypoventilation,  reflex  responses  ob¬ 
tained  by  stimulation  of  the  depressor  nerve  are  increased  (Van  der 
Linden,  1933;  Verlot,  1935;  Schmidt  and  Comroe,  1940;  Rudomin  et  at., 
1959a);  that  is,  the  hyperbolic  curve  that  correlates  input-output  is  shifted 
above  the  one  obtained  during  hyperventilation  or  normal  ventilation. 
This  suggests  that  the  reactivity  of  the  system  is  increased  (Cannon  and 
Rosenblueth,  1949).  In  a  similar  way,  the  small  degree  of  occlusion 
seen  during  hyperventilation  is  transformed  into  facilitation.  Central 
crossing  is  also  increased,  showing  that  the  contralateral  vagal  efferent 
contribution  is  enhanced  (Tournade  and  Malmejac,  1931;  Wang  and 
Borison,  1947;  Rudomin  et  al.,  1959a). 
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This  increase  of  reflex  excitability  is  independent  of  pulmonary 
volume,  because  the  same  effect  is  obtained  when  the  animal  is  breathing 
low  oxygen  gaseous  mixtures  without  changing  the  stroke  volume  of  the 
pump.  Therefore,  the  facilitation  obtained  may  be  due  to  direct  central 
action  of  oxygen  lack  or  to  the  excess  of  COj  during  hypoventilation,  and 
to  oxygen  lack  during  anoxia  (Schmidt  and  Comroe,  1940),  or  to  an  in¬ 
direct  effect  produced  by  the  activation  of  the  circulatory  chemoreceptors 
(Gellhom  et  aU,  1942;  Rudomin  and  Rubio,  19596). 

Effects  of  Chemoreceptor  Activation 

In  order  to  obtain  more  information  about  the  role  of  the  chemoreceptors 
upon  reflex  excitability  of  the  cardioinhibitory  center,  Rudomin  and 
Rubio  (19596)  studied  the  effect  of  selective  stimulation  of  these  re¬ 
ceptors  by  injecting  small  amounts  of  potassium-  or  sodium-cyanide.  The 
action  of  these  substances  is  similar  to  that  of  oxygen  lack,  and  is 
considered  to  be  due  to  blockage  of  the  respiratory  cytochromes  (for 
detailed  discussion  of  the  action  of  cyanide  upon  chemoreceptors  see 
Alvarez-Buylla,  1951,1954;  Schmidt  and  Comroe,  1940;  and  Heymans  and 
Neil,  1958).  The  response  obtained  by  stimulation  of  the  depressor  nerve 
is  much  increased  when  stimulation  is  done  5  to  10  sec.  after  intra¬ 
venous  injection  of  50  pg.  of  KCN.  Spatial  and  temporal  summation,  as 
well  as  central  crossing,  are  also  increased.  This  facilitatory  effect 
depends  on  the  amount  of  cyanide  injected.  However,  this  drug  produces 
only  slight,  or  no,  bradycardia  when  injected  in  the  same  amounts  without 
depressor  nerve  stimulation  (figure  2). 

Site  of  Origin  of  the  Facilitatory  Action  of  Cyanide 

The  facilitatory  action  obtained  by  cyanide  injection  is  greater  when 
the  injection  is  made  into  the  jugular  vein,  right  auricle,  or  pulmonary 
artery  than  when  the  same  amounts  are  injected  into  the  brachiocephalic 
trunk  or  left  auricle.  This  suggests  that  facilitation  is  due  to  activation 
of  receptors  located  in  the  venous  side  of  the  circulation,  possibly  the 
lung.  It  also  excludes  the  possibility  that  the  facilitatory  effect  of 
cyanide  is  due  to  direct  activation  of  the  cardioinhibitory  center  (fig¬ 
ure  3). 

The  hypothesis  that  the  receptors  stimulated  are  in  the  lungs  was 
tested  in  subsequent  experiments.  Injection  of  cyanide  into  the  circula¬ 
tion  of  an  isolated  lung,  perfused  by  a  donor  rabbit,  also  facilitates  the 
cardioinhibitory  reflex  (Rudomin  and  Rubio,  19596).  Once  again,  the 
injection  of  the  same  amount  of  cyanide,  without  subsequent  stimulation 
of  the  depressor  nerve,  fails  to  produce  any  observable  effect.  Further¬ 
more,  it  has  also  been  found  that  cyanide  facilitation  can  be  elicited 
by  putting  small  areas  of  filter  paper  soaked  in  cyanide  solution  upon 
the  lung.  This  effect  varies  with  the  surface  exposed  to  cyanide,  and 
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Figure  2.  Rabbit  anesthetized  with  Nembutal  (20  to  25  mg./kg.)  Precordial 
derivations  for  recording  heart  rate  (upper  record)  and  diaphragmatic  electromyo¬ 
gram  (lower  record).  (A)  Control  values  before  LV.  injection  of  100  /ig.  of  KCN. 
Black  bar  below  signals  the  time  of  injection.  (B)  Record  taken  5  sec.  after  A. 
The  only  noticeable  effect  is  an  increase  in  the  respiratory  activity  without 
changes  in  cardiac  frequency.  (C)  Effect  of  stimulation  of  the  central  ends  of 
both  depressor  nerves  with  supramaximal  shocks  delivered  at  16/sec.  (D)  Same 
as  C,  but  15  sec.  after  LV.  injection  of  100  (tg.  of  KCN.  (E)  Same  as  C,  but  after 
LV.  injection  of  200  pg.  of  cyanide.  Long  bars  signal  stimulation  of  the  depressor 
nerves.  Time  calibration  in  record  B,  5  sec.  Reproduced  from  Rudomln  and  Rubio, 
19596  by  permission  of  Acta  Phyaiotogica  Latinoamericana.  Records  retouched. 

does  not  disappear  when  the  corresponding  pulmonary  veins  and  arteries 
are  temporarily  occluded.  No  facilitatory  action  is  observed  when  the 
filter  paper  is  put  in  contact  with  other  thoracic  structures. 

The  facilitatory  action  of  cyanide  was  also  obtained  after  thoracic 
symoathectomy  and/or  high  spinal  cervical  section  (Cs-Cg).  Bilateral 
vagotomy  or  atropinization  abolished  this  facilitatory  action.  It  may  be 
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Figure  3.  Effects  obtained  by  supramaximal  stimulation  of  the  central  end 
of  both  depressor  nerves  (32/sec,)  after  50  fig.  potassium  cyanide  injections.  All 
injections  were  applied  at  the  beginning  of  the  records.  (A)  Left  auricle  injection. 
(B)  Brachiocephalic  trunk  Injection.  (C  and  D)  Right  auricle  injections.  Black 
bar  below  C  signals  time  of  stimulation  of  the  depressor  nerves  for  A,  B,  and  C. 
Black  bar  below  D  signals  stimulation  for  D,  Upper  records,  heart  rate;  lower 
records,  diaphragmatic  activity.  Time  calibration,  5  sec.  Control  effects  of 
depressor  nerve  stimulation  were  similar  to  those  shown  in  D.  For  further 
explanation  see  text.  Reproduced  from  Rudomin  and  Rubio,  1959b  by  permission 
of  Acta  Physiologies  Latinosmericana.  Records  retouched. 

concluded  that  injection  of  cyanide  activates  pulmonar  vagal  afferent 
structures.  The  signals  of  these  receptors,  although  producing  no  measur¬ 
able  change  themselves,  enhance  the  reflex  excitability  of  the  cardio- 
inhibitory  center.  This  subliminal  effect  has  a  short  latency  (2  to  3  sec.) 
and  lasts  only  5  to  10  sec.  after  the  intravenous  injection.  This  finding 
explains  perhaps  why  several  investigators  have  failed  to  find  any  reflex 
effects  by  changing  the  oxygen  and  CO  2  concentration  or  injecting  cyanide 
in  the  circulation  of  a  perfused  lung  (Aviado  et  at.,  1951;  Dawes  and 
Comroe,  1954). 

Influence  of  the  Stimulation  of  the  Brain  Stem  Reticular  Formation 

In  a  further  study  (Rudomin,  19606),  an  attempt  was  made  to  determine 
the  central  mechanism  of  the  facilitation  produced  by  cyanide  injections. 
It  was  found  that  the  activation  of  the  medial  bulbar  reticular  formation 
(depressor  area  in  the  floor  of  the  IV  ventricle)  facilitates  cardioinhibi- 
tory  reflexes.  In  contrast,  stimulation  of  the  lateral  bulbar  reticular 
formation  abolishes  them.  The  mechanism  of  this  inhibitory  effect  is 
perhaps  similar  to  that  obtained  by  stimulation  of  the  lateral  bulbar 
reticular  formation  upon  afferent  transmission  in  the  first  synaptic  relays 
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of  the  dorsal  column  nuclei  (Hern4ndez-Pe6n  and  Scherrer,  1955;  Scherrer 
and  Hern4ndez-Pe6n,  1955).  Any  attempt  to  explain  the  facilitatory  action 
of  cyanide-sensitive  lung  receptors  must  take  into  account  the  existence 
of  facilitatory  and  inhibitory  bulbar  areas.  Further  experiments  are  needed 
to  determine  whether  the  afferent  fibers  are  related  to  one  or  more  of 
these  areas. 

Possible  Physiological  Role  oi  the  Lung  Chemoreceptors 

During  anoxia  the  carotid  body  chemoreceptors  are  activated  intensely 
(Heymans  and  Neil,  1958).  It  is  possible  that  lung  receptors  sensitive 
to  cyanide  are  also  stimulated  during  anoxia  and  hypoventilation  and 
that  this  effect  contributes  in  part  to  the  enhancement  of  reflex  excit¬ 
ability  of  the  cardioinhibitory  center.  If  this  is  the  case,  reflex  integration 
of  the  circulatory  system  becomes  complicated  by  the  possibility  of 
reflex  control  of  the  effectiveness  of  the  circulatory  homeostatic  reflexes. 
Lung  chemoreceptors  may  then  determine  the  degree  of  negative  feedback 
in  those  reflexes.  However,  there  is  need  for  further  experimental  evi¬ 
dence  to  show  whether  these  receptors  are  stimulated  during  anoxia  and 
whether  they  produce  tonic  discharges  during  normal  ventilation. 

Summary 

Reflex  excitability  of  the  cardioinhibitory  center  is  greatly  increased 
during  hypoxia,  hypoventilation,  and  intravenous  injections  of  sodium 
cyanide  or  potassium  cyanide. 

Evidence  is  presented  to  show  that  the  facilitatory  effect  of  cyanide 
injections  is  due  to  stimulation  of  pulmonary  vagal  receptors.  Activity 
of  these  receptors,  even  though  producing  no  measurable  changes  them¬ 
selves,  enhances  reflex  excitability  of  the  cardioinhibitory  center. 
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EFFECT  OF  PENTOBARBITAL  AND  MEPERIDINE  ON  THE  CENTRAL 
RESPIRATORY  MECHANISMS  IN  THE  CAT* 

S.  H.  Ngai 

Departments  of  Anesthesiology  and  Pharmacology,  College  of  Physicians 
and  Surgeons,  Columbia  University,  New  York,  N.Y. 

A  p-evious  report*  has  proposed  that  normal  respiratory  rhythm  origi¬ 
nates  in  the  pontile  apneustic  center  with  periodic  modulation  by  the 
inhibitory  impulses  from  the  pneumotaxic  center  in  the  rostral  pons  and 
the  pulmonary  vagal  afferent  nerves.  Pontile  transection  and  bilateral 
vagotomy  resulted  in  apneusis  (prolonged  inspiratory  spasm)  or  apneustic 
breathing,  which  changed  to  “gasping”  respiration  by  transection  to 
remove  the  pons.  A  further  study  has  suggested  that  the  pneumotaxic 
center  serves  to  facilitate  the  phasic  activity  of  the  lower  respiratory 
centers.  ^  In  animals  with  intact  vagus  nerves  destruction  of  the  pneumo¬ 
taxic  center  caused  slowing  of  respiration.  Electric  stimulation  of  the 
pneumotaxic  center  elicited  respiratory  acceleration  with  inspiratory 
shift, a  response  similar  to  that  obtained  during  low-frequency  central 
vagal  stimulation.  * 

Pentobarbital  can  reduce  both  the  rate  and  depth  of  respiration.  Harris 
and  Borison,®  working  on  the  cat,  have  shown  that  respiratory  rhythmicity 
is  particularly  susceptible  to  the  action  of  this  agent.  Spontaneous 
breathing  first  became  slow  and  subsequently  failed  long  before  the 
inspiratory  center  became  inexcitable  to  electric  stimulation.  Further¬ 
more,  the  evoked  inspiratory  response  was  progressively  decreased  in 
magnitude  with  cumulative  doses  of  pentobarbital.  The  duration  of  in¬ 
spiration  was  prolonged  after  thiopental.^  These  observations  suggest 
that,  in  addition  to  their  depressant  effect  on  the  medullary  respiratory 
centers,  barbiturates  have  a  predominantly  depressant  action  on  the 
pontile  respiratory  mechanisms  concerned  with  the  modulation  and  facil¬ 
itation  of  phasic  respiratory  activity.  The  present  study  examined  this 
action  of  pentobarbital  by  comparing  the  respiratory  responses  elicited 
by  electric  stimulation  of  the  pontile  pneumotaxic  center,  the  medullary 
inspiratory  center,  and  the  central  vagus  nerves  before  and  after  intra¬ 
venous  administration  of  cumulative  doses  of  pentobarbital  to  decere¬ 
brate  cats. 

Meperidine  also  reduces  the  rate  and  depth  of  respiration.  With 
higher  doses  it  produces  irregular  rhythm  and,  ultimately,  apnea.  How-  j 
ever,  the  experiments  previously  reported  were  carried  out  on  anesthetized  [ 
animals  in  which  the  presence  of  anesthetic  agent  could  either  potentiate 

*This  paper,  illustrated  with  slides,  was  the  second  of  two  papers  presented  at  a  meet¬ 
ing  of  the  Section  on  January  11,  1960.  The  work  described  in  this  article  was  supported 
by  Research  Grant  B31C  from  the  National  Institute  of  Blindness  and  Neurological 
Diseases,  Public  Health  Service,  Bethesda,  Md.  A  preliminary  report  of  this  work  was 
presented  before  the  XXI  International  Congress  of  Physiological  Sciences,  Abstract: 

199,  on  August  10-15,  1959,  in  Buenos  Aires,  Argentina. 
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or  modify  the  respiratory  depressant  effect  of  the  drug  under  considera¬ 
tion.  Since  the  effect  of  meperidine  on  various  functional  components 
of  the  central  respiratory  mechanisms  has  not  been  investigated,  a  study 
of  this  problem  in  unanesthetized,  decerebrate  cats  was  undertaken. 

Midcollicular  decerebration  was  performed  on  the  cat  under  diethylether 
anesthesia.  The  animal  was  then  allowed  to  breath  room  air  for  at  least 
one  hour  so  that  most  of  the  ether  was  exhaled.  A  bilateral  vagotomy 
was  done.  Respiratory  movements  were  then  recorded  with  a  small  animal 
spirometer  connected  via  a  soda  lime  absorber  to  the  trachea.  A  small 
amount  of  oxygen  was  continuously  fed  into  the  spirometer  to  keep  the 
tracings  leveled. 

With  the  aid  of  a  stereotaxic  instrument,  enameled  coaxial  electrodes 
were  inserted  into  the  brain  stem  for  the  stimulation  of  the  pneumotaxic 


Figure  1.  Cat  29,  2.6  kg.  Midcollicular  decerebrate,  vagotomized.  At  arrow 
1,  3  mg./kg.,  and  arrow  2,  6  mg./kg.  pentobarbital  was  given  intravenously. 
Note  prolonged  inspiration  after  injections  and  reduced  depth  of  respiration  after 
second  injection. 
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center  and/or  the  medullary  inspiratory  center.  Currents  of  rectangular 
pulses  were  derived  from  Grass  stimulators  (Model  S4C)  through  their 
respective  stimulus  isolation  units.  The  pontile  pneumotaxic  center  and 
the  medullary  inspiratory  center  were  identified  by  the  characteristic 
respiratory  responses  elicited  during  electric  stimulation  as  described 
in  an  earlier  publication.^  Stimulation  of  the  pneumotaxic  center  caused 
respiratory  acceleration  with  or  without  inspiratory  shift.  Stimulation 
of  the  inspiratory  center  produced  a  classic  inspiratory  spasm  (figure 
2A).  Stimulating  currents  of  various  intensities  were  used  to  establish 
the  stimulus  threshold  as  well  as  the  magnitude  of  responses  prior  to 
drug  injection.  For  central  vagal  stimulation  a  Palmer  bipolar  electrode 
was  used.  The  stimulating  currents  were  varied  in  intensity  and  fre¬ 
quency,  the  latter  ranging  from  10  to  200  shocks/sec.  After  a  series 
of  control  stimulations,  small  increments  of  pentobarbital  in  doses  of 
3  to  6  mg./kg.  or  of  meperidine  in  doses  of  0.5  to  2.0  mg. /kg.  were 
injected  intravenously  at  intervals  of  10  to  20  min.  After  each  dose  the 
series  of  stimulations  was  repeated. 


FIGURE  2.  Cat  5,  2.7  kg.  Midcollicular  decerebrate,  vagotomized.  Panel  A; 
control,  IC,  inspiratory  center  stimulation  with  currents  of  SO  shocks/sec.;  pulse 
duration,  2  msec.;  and  voltage,  0.85,  1.5,  2,  and  3  volts.  PC,  pneumotaxic  center 
stimulation,  frequency  and  duration,  same  as  above;  voltage,  1.5,  2,  3,  and  4 
volts.  Between  A  and  B,  (lentobarbital,  18  mg./kg.,  in  6  divided  doses,  was  given 
intravenously.  Panel  B:  1C,  inspiratory  center  stimulation,  voltage,  2,  3,  4,  and 
5  volts;  PC,  pneumotaxic  center  stimulation,  voltage,  2,  3,  4,  and  5  volts; 
frequency  and  duration,  same  as  above. 

For  the  first  few  minutes  after  the  administration  of  pentobarbital 
there  was  a  tendency  toward  the  development  of  prolonged  inspiration 
or  of  inspiratory  pauses.  After  this  period,  respiration  appeared  normal 
and  regular  in  rhythm  (figure  1).  As  the  cumulative  dose  of  pento¬ 
barbital  increased,  respiration  became  slow  and  shallow.  When  the  total 
dose  reached  24  to  30  mg./kg.,  the  respiratory  movements  became  ex¬ 
tremely  shallow  with  prolonged  inspiratory  and  expiratory  pauses,  re¬ 
sembling  those  of  apneustic  breathing  except  for  the  depth. 

The  responses  to  stimulation  of  the  pneumotaxic  center  and  inspiratory 
center  were  essentially  unaltered  after  small  doses  of  pentobarbital  (for 
controls,  see  figure  2A).  After  each  injection,  the  stimulus  threshold 


THE  NEW  YORK  ACADEMY  OK  SCIENCES 


255 


of  the  inspiratory  center  was  progressively  elevated,  while  the  magnitude 
of  the  respiratory  response  was  concurrently  decreased.  After  a  cumula¬ 
tive  dose  of  pentobarbital  of  18  to  24  mg./kg.  had  been  attained  (figure 
2B),  respiratory  acceleration  and  inspiratory  shift  could  not  be  elicited 
upon  stimulation  of  the  pontile  pneumotaxic  center.  Instead,  there  was 
expiratory  apnea  for  the  duration  of  stimulation.  With  threshold  stimuli, 
the  respiration  was  made  slower  and  more  shallow  and  was  accompanied 
by  expiratory  pauses. 

Central  vagal  stimulation  with  low-frequency  currents  (10  shocks/ sec.) 
resulted  in  respiratory  acceleration  with  an  inspiratory  shift.  High- 
frequency  stimulation  (100  to  200  shocks/ sec.)  caused  expiratory  apnea. 
Pentobarbital  did  not  alter  these  responses  other  than  to  reduce  or  elimi¬ 
nate  the  inspiratory  shift  during  low-frequency  stimulation.  Even  after 
relatively  large  doses  of  pentobarbital,  when  the  respiration  became 
extremely  slow  with  prolonged  inspiration  it  could  still  be  accelerated 
by  low-frequency  stimulation. 

In  contrast  to  pentobarbital,  meperidine  decreased  the  respiratory 
rate  and  caused  expiratory  pauses.  The  “apneustic”  tendency  observed 
with  pentobarbital  was  not  evident.  Immediately  after  an  injection  of 
meperidine,  the  depth  of  respiration  was  reduced  and,  after  a  few  minutes, 
it  was  not  significantly  different  from  that  of  controls  except  for  an 
occasional  tendency  toward  irregularity  both  in  the  rate  and  depth  (fig¬ 
ure  3). 


Figure  3.  Cat  58,  4  kg.  Midcollicular  decerebrate,  vagotomlzed.  At  each 
arrow,  2  mg./kg.  of  meperidine  was  given  intravenously.  Note  transient  apnea 
and  decrease  in  respiratory  amplitude,  followed  by  slowing  of  respiration  and 
irregularity  after  second  injection. 


After  2  to  3  mg./kg.  of  meperidine,  the  stimulus  threshold  of  the 
inspiratory  center  was  slightly  elevated,  but  the  magnitude  of  the  in¬ 
spiratory  response  remained  essentially  the  same  (figure  4).  The 
characteristic  respiratory  acceleration  upon  pneumotaxic  center  stimula¬ 
tion  was  abolished.  Instead,  there  was  an  inspiratory  standstill  for  the 
duration  of  the  stimulation.  The  response  to  low-frequency  central  vagal 
stimulation  was  altered  in  a  similar  fashion.  High-frequency  vagal 
stimulation  still  produced  expiratory  apnea  (figure  5). 
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Figure  4.  Cat  9,  2.3  kg.  Midcollicular  decerebrate,  vagotomized.  Panel  A; 
control,  IC,  inspiratory  center  stimulation,  frequency,  50  shocks/sec.;  pulse 
duration,  2  msec.;  and  voltage,  0.85,  1.5,  2,  and  3  volts.  PC,  pneumotaxlc  center 
stimulation,  frequency  and  pulse  duration,  same  as  above;  voltage,  1.75,  2,  2.5, 
and  3  volts.  Between  A  and  B,  meperidine,  3  mg. /kg..  In  3  doses,  was  given 
intravenously.  Panel  B:  stimulation  of  inspiratory  center  and  pneumotaxlc  center 
repeated.  Parameters  same  as  in  panel  A. 


These  results  indicate  that  pentobarbital  depresses  respiration  through 
at  least  two  possible  modes  of  action.  The  predominant  changes  produced 
by  this  agent  appear  to  be  a  prolonged  inspiratory  phase  and  a  progres¬ 
sive  decrease  in  respiratory  amplitude.  The  same  type  of  prolongation 
of  the  inspiratory  phase  with  thiopental  has  been  reported  by  Brodie,® 
who  demonstrated  an  increase  in  the  duration  of  burst  of  inspiratory 
neurons  in  the  cat.  With  small  doses,  the  transient  nature  of  this  effect 
is  probably  attributable  to  the  redistribution  of  pentobarbital  in  the  body 
with  time,  and  the  consequent  lowered  concentration  of  the  drug  in  the 
blood  and  brain. 

In  terms  of  the  concept  of  the  organization  of  central  respiratory 
mechanisms  as  proposed  in  the  previous  communication,*  prolongation 
of  inspiration  and  inspiratory  pause  would  mean  that  the  mechanisms 
concerned  with  modulation  of  the  tonically  active  apneustic  center  are 
depressed.  The  facilitatory  influence  of  the  pneumotaxlc  center  on  the 
lower  respiratory  centers  seems  to  be  abolished,  as  indicated  by  the 
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FIGURE  5.  Cat  14,  2.8  kg.  Mldcolllcular  decerebrate,  vagotomlzed.  Panels 
A  (top  row),  control,  central  vagal  stimulation.  Left  panel:  frequency,  10  shocks/ 
sec.;  pulse  duration  2  msec.;  and  voltage,  l.S,  2,  and  3  volts.  Right  panel: 
frequency,  200  shocks/ sec.;  pulse  duration,  2  msec.;  and  voltage,  1.5,  2,  3,  and 
4  volts.  Panels  B  (bottom  row),  after  0.5  mg. /kg.  of  meperidine,  central  vagal 
stimulation  repeated.  Parameters  same  as  above. 

It  thus  appears  that  the  multisynaptic  feedback  circuit  between  the 
apneustic  center  and  the  pneumontaxic  center  has  been  disrupted.  On 
the  other  hand,  the  responses  to  electric  stimulation  of  the  central  vagus 
were  not  significantly  altered.  However,  pentobarbital  may  still  disrupt 
this  modulating  circuit  through  its  action  on  the  pulmonary  stretch  re¬ 
ceptors,  which  have  been  reported  to  be  depressed  by  barbiturates  in 
sufficiently  high  doses.  ® 

The  progressive  decrease  in  respiratory  amplitude  indicates  that  the 
total  activity  of  the  inspiratory  center  is  reduced  by  pentobarbital.  This 
can  be  caused  by  a  decrease  in  the  frequency  of  neuronal  discharge  or 
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fact  that,  after  24  to  30  mg. /kg.  of  pentobarbital,  stimulation  of  the 
former  did  not  result  in  respiratory  acceleration  and  inspiratory  shift. 
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a  decrease  in  the  number  of  neurons  participating,  or  both.  A  direct 
relationship  has  been  suggested  between  the  frequency  of  inspiratory 
neuronal  discharge  and  respiratory  amplitude.®'*®  The  possibility  re¬ 
mains,  however,  that  the  recruiting  mechanism  may  also  become  depressed. 

Meperidine,  on  the  other  hand,  exerts  its  action  in  a  distinctly  different 
manner.  The  rate  of  respiration  decreased  and  was  accompanied  by  an 
increase  in  the  duration  of  the  expiratory  pause.  The  facilitatory  mech¬ 
anism  in  the  pons  appears  to  be  depressed,  as  demonstrated  by  the 
disappearance  of  the  acceleratory  response  to  stimulation  of  the  pneumo- 
taxic  center  and  to  low-frequency  central  vagal  excitation.  At  the  dose 
level  of  meperidine  studied,  the  stimulus  threshold  of  the  medullary 
inspiratory  center  was  elevated,  but  with  supraliminal  stimulus,  maximal 
inspiratory  response  of  the  same  magnitude  was  obtained.  These  findings 
suggest  that,  when  the  inspiratory  center  is  activated,  it  is  capable  of  an 
output  approximately  equal  to  that  under  the  control  condition. 

In  summary,  the  effects  of  pentobarbital  and  meperidine  on  the  res¬ 
piratory  movements  and  on  the  responses  to  stimulation  of  the  pontile 
pneumotaxic  center,  the  medullary  inspiratory  center,  and  the  central 
vagus  nerves  have  been  investigated  in  unanesthetized,  decerebrate, 
vagotomized  cats.  The  results  indicate  that  pentobarbital  depresses  the 
modulating  and  the  facilitatory  functions  of  the  pneumotaxic  center  and 
the  inspiratory  center  in  the  medulla,  thus  resulting  in  slow,  shallow 
respiration  with  prolonged  inspiration.  On  the  other  hand,  meperidine 
interferes  with  the  facilitatory  function  of  the  pneumotaxic  center  and 
vagal  afferents.  The  “integrating”  or  the  “recruiting”  mechanisms  of 
the  medullary  inspiratory  center  are  apparently  little  affected,  and  res¬ 
piration  is  therefore  slow,  with  an  essentially  unchanged  depth. 
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INTELLIGENCE,  QUANTUM  RESONANCE  AND  THINKING  MACHINES* 
David  VVechsler 

Department  of  Psychiatry,  New  York  University  College  of  Medicine, 

New  York,  N.Y. 

Speculation  about  how  the  mind  works  is  as  old  as  philosophy  itself 
but,  while  there  is  a  discernible  continuity  in  the  concepts  employed 
to  account  for  the  way  man  perceives  and  thinks,  modern  views  differ 
from  former  theories  in  at  least  one  important  respect.  These  views  are 
more  concerned  in  what  takes  place  in  the  brain  as  a  physical  apparatus 
than  with  what  older  philosophers  called  the  attributes  of  the  soul.  This 
change  in  interest  began  with  Rene'  Descartes  who,  while  distinguishing 
sharply  between  mind  and  matter,  nevertheless  located  the  soul  in  the 
brain  and,  once  having  conveniently  housed  it  in  the  pineal  gland,  left 
it  little  to  do  other  than  to  serve  as  a  sort  of  detached,  albeit  divine, 
observer.  Since  then  the  soul  has  gradually  lost  even  this  modest  role.  To 
contemporaneous  science,  how  the  mind  works  means  how  the  brain 
works:  such  factors  as  sensation,  perception,  and  cognition  are  mani¬ 
festations  of  brain  activity  and  neural  interaction.  These  are  regarded 
as  physical  events  —  events  which,  as  Bertrand  Russell  (1929)  has 
pointed  out,  happen  to  take  place  in  terminal  neurons  of  the  central 
nervous  system.  Psychology  now  turns  more  and  more  to  physics  for  its 
ultimate  “explanations”  of  psychic  processes. 

The  subject  I  shall  discuss  will  concern  itself  with  some  of  the 
physical  explanations  or  hypotheses  of  how  the  brain  works  intellectively. 
More  specifically,  I  shall  consider  the  following  two  questions.  (1)  What, 
in  the  light  of  recent  advances  in  neurophysiology  and  quantum  mechan¬ 
ics,  is  the  likely  physical  event  that  takes  place  in  the  human  brain 
when  an  individual  is  said  to  manifest  intelligence?  (2)  In  what  way  is 
human  mentation  as  involved  in  intelligent  behavior  different  from  the 
logical  operations  performed  by  thinking  machines?  In  trying  to  answer 
these  questions,  it  will  be  useful  to  summarize  contemporary  views 
on  two  germane  topics.  The  first  is  the  neurophysiologist’s  concept 
of  how  the  brain  operates  as  a  physical  apparatus  and,  second,  the 
physicist’s  concept  of  connectivity. 

*  This  paper  was  presented  at  a  meeting  of  the  Division  on  January  I960. 

The  Division  of  Nuclear  Physics  held  a  meeting  on  January  13,  1960,  at  which 
Richard  Ruffine  of  the  Department  of  Physics,  New  York  University,  New  York,  N.Y.,  pre¬ 
sented  a  paper  entitled  **The  Three-Body  Problem:  Electron  and  Positron  Scattering 
in  Hydrogen.**  This  paper  will  appear  in  a  later  edition  of  the  Tranaactiona, 

A  paper  entitled  *‘The  Design  of  Underground  Shelters  for  Civil  Defense  in  the 
City  of  New  York*  *  was  presented  at  a  meeting  of  the  Division  of  Engineering,  January  15, 
1960,  by  Guy  Panero,  New  York,  N.Y.  This  article  will  appear  in  a  later  edition  of  the 
Transacfions. 
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The  human  brain  is  now  generally  regarded  as  a  complex  neural  net¬ 
work  whose  main  function  is  to  serve  as  avast  clearing  house  of  incoming 
and  outgoing  messages.  For  this  purpose  it  is  conceived  of  as  a  complex 
automatic  information  exchange  or  self-regulating  intercommunication 
system.  Parts  of  the  nervous  system  (such  as  the  sense  organs)  collect 
information  that  is  then  transmitted  through  synaptic  barriers  to  various 
centers,  although  not  necessarily  fixed  loci,  where  it  is  eventually 
integrated.  Transmission  and  integration  are  achieved  through  inter¬ 
lacing  systems  of  inhibiting  and  facilitating  reverbatory  circuits,  and 
the  brain  itself  has  been  recently  described  as  a  complex  of  such  circuits 
in  continuous  activity.  A  gap  unaccounted  for  in  this  hypothesis  is  that 
much  of  the  received  information  is  unused;  one  needs  to  explain  what 
becomes  of  unused  information  and,  especially,  in  what  manner  it  is 
“edited."  This  hiatus  did  not  present  a  problem  to  Descartes,  because 
he  provided  the  brain  with  a  divine  editor;  the  helmsman  of  modern 
cybernetics  is  just  another  automaton  regulating,  and  regulated  by, 
feedback  circuits. 

The  key  work  in  contemporaneous  neurophysiology  is  integration, 
generally  described  as  a  complex  of  neural  activity  or  pattern  of  excita¬ 
tion  taking  place  in  or  between  certain  regions  of  the  brain.  One  of  the 
interesting  facts  recently  demonstrated  is  that  while  this  organized 
activity,  particularly  of  the  higher  functions,  such  as  memory  and  learn¬ 
ing,  may  be  associated  with  the  integrity  of  certain  parts  of  the  cortex, 
it  is  not  exclusively  dependent  upon  them,  since  this  integration  can 
continue  in  spite  of  cortical  interruptions.  For  this  reason  it  has  been 
posited  that  initiation  and  regulation  of  the  higher  processes  may  take 
place  and  be  mediated  through  regions  other  than  the  cortex:  for  example, 
parts  of  the  thalamus,  various  reticular  tracts,  and  other  intracephalic 
communicating  systems. 

Regardless  of  where  or  how  integration  occurs,  however,  one  is  still 
confronted  with  the  underlying  question:  To  what  does  this  integration 
correspond  and  to  what  can  it  be  equated?  is  it  a  kind  of  electrical 
activity  that,  on  reaching  a  certain  level,  merely  initiates  or  delimits 
a  particular  set  of  motor  responses?  Does  it  represent  special  cortical 
patterns  that  serve  to  define  one  or  another  type  of  perception?  Is  it  just 
a  state  of  awareness  associated  with  or  defining  particular  kinds  of 
neural  activity? One  must  distinguish  here,  asW.  Koehler  has  emphasized, 
between  what  a  process  is  and  how  it  is  achieved.  It  is  the  difference 
between  describing  the  structure  and  mechanism  of  an  atomic  pile  and 
and  trying  to  account  for  the  fission  phenomena  in  terms  of  the  properties 
or  behavior  of  the  elementary  physical  particles  that  produce  it.  It  is  the 
former  type  of  description  that  now  constitutes  the  physical  models  of 
how  the  brain  works  (Asby,  1947). 

The  current  definition  of  the  brain  that  has  met  with  greatest  accept¬ 
ance  among  neurophysiologists  is  that  it  is  essentially  a  screening  and 
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sorting  organ,  a  complex  electrochemical  servomechanism  that  in  some 
respects  functions  like  a  multiple  television  system  with  built-in  screen¬ 
ing  generators  and,  in  others,  like  a  high-speed  automaton  computer.  In 
either  case  it  is  eventually  conceived  as  a  thinking  or  logical  machine. 

The  concept  of  the  mind  as  a  logical  machine  is  not  new,  but  the 
remarkable  achievements  of  the  recently  developed  digital  computers 
have  lent  much  support  to  the  suggested  equivalence  between  intellectual 
and  computer  operations.  It  is  not  altogether  clear  which  is  the  model 
for  which,  but  that  there  is  strong  resemblance  between  them  cannot 
be  doubted. 

One  of  the  earliest  computers  and,  perhaps,  the  only  strictly  logical 
machine,  that  of  the  English  logician  Stanley  Jevons  (1913),  was  mechan¬ 
ically  quite  a  simple  affair.  In  general  appearance  it  resembled  the  small 
upright  organ  with  a  keyboard  containing  twenty-one  keys.  Sixteen  of  the 
keys  represented  the  usual  terms  employed  in  logical  notations  (A, a;  B,b; 
C,c;  D,d);  the  remainder  designated  possible  logical  operations;  for 
example,  one  for  the  copula,  one  to  designate  equality,  and  one  for  dis¬ 
junction.  To  work  the  machine  it  was  necessary  only  to  press  the  proper 
keys  designating  the  signs  and  letters  of  the  logical  proposition  and, 
after  thus  inserting  one’s  minor  and  major  premises,  collect  the  indicated 
conclusions  by  pressing  a  finis  lever.  The  machine  as  described  by 
Jevons  was  not  only  able  to  indicate  conclusions  but  would  also,  to 
quote  Jevons,  “detect  any  self-contradiction  between  the  premises 
presented  to  it.”  The  one  big  drawback  and  limitation  of  the  machine 
was  that  the  problems  that  it  solved  were  primarily  those  in  which  only 
the  academic  logician  was  likely  to  be  interested.  The  modern  automaton 
is  infinitely  more  versatile  (and  more  complex),  but  deals  with  many 
problems  that  even  an  average  bank  clerk  or  business  executive  can 
understand.  It  can  perform  many  more  practical  operations.  It  is  a  com¬ 
puter,  not  a  logician. 

The  remarkable  tasks  that  electronic  computers  can  achieve  are  now 
fairly  familiar.  These  machines  perform  complex  calculations,  solve 
differential  equations,  compute  trajectories,  and  unravel  codes.  They 
can  store  information  of  a  complex  nature  and  give  it  back  at  a  moment’s 
notice.  The  latest  models  of  the  digital  computer  can  do  many  things  that 
have  hitherto  been  considered  purely  mental  or  restricted  to  human 
capability.  With  proper  programing  such  a  machine  can  be  made  to  exhibit 
retention  and  recall,  make  alternative  choices,  check  its  own  mistakes 
(which  it  seldom  makes),  translate  Russian  into  English  and,  if  put  to 
it,  play  a  fair  game  of  chess.  However,  for  all  these  remarkable  “abilities” 
it  lacks  certain  basic  potentials  of  which  only  man  and  certain  animals 
seem  potentially  capable.  The  automaton  computer  cannot  initiate  actio.i, 
or  profit  from  experience,  without  external  intervention.  It  can  do  only 
what  it  is  told  to  do:  that  is,  what  has  been  built  into  it.  The  most 
important  limitation  of  the  computing  automaton  however,  is  that  while 
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it  can  do  things,  it  cannot  understand  them;  it  has  abilities,  but  these 
abilities  do  not  go  beyond  performance. 

The  basic  distinction  between  intelligence  and  abilities,  namely,  that 
of  understanding  as  against  merely  performing  a  task,  is  the  crux  of  the 
matter.  There  is  no  doubt  that  machines  can  now  be  designed  and  have 
already  been  constructed  that  manifest  mental  abilities  of  various  sorts 
including  that  of  logical  reasoning.  However,  for  the  same  reasons  that 
abilities  cannot  be  equated  with  intelligence,  the  electronic  automaton 
cannot  serve  as  a  model  for  it.  What  is  needed  is  a  conceptual  scheme 
that  would  yield  some  insight  into  the  functioning  of  the  brain,  not  only 
in  terms  of  its  individual  components  but  also  collectively,  as  a  unit, 
as  well.  It  is  here  that  the  physicist's  construct  of  collectivity  offers 
a  promising  lead. 

The  physical  concept  of  collectivity  is  derived  from  the  particle-wave 
duality  of  quantum  mechanics,  which  was  so  well  elucidated  by  Niels 
Bohr’s  complementarity  principle,  which  aims  to  reconcile  the  contrary 
aspects  of  the  (dual)  behavior  of  the  elementary  particle.  These  are  its 
wave  and  particle  characteristics  which,  although  they  cannot  be  observed 
simultaneously,  together  form  a  complete  description  of  the  behavior  of 
the  basic  entities  present  in  nature.  This  duality  of  behavior  is  ascribed 
not  to  the  intrinsic  properties  of  the  elementary  particle,  for  example,  the 
electron,  but  to  its  interaction  with  other  particle  congeries  or  systems, 
such  as  the  apparatus  used.  The  elementary  particle  is  thus  conceived 
of  as  being  capable  of  manifesting  two  types  of  behavior:  one  in  which 
it  acts,  as  it  were,  alone  or  independently,  and  another  in  which  it  acts 
communally  or  collectively.  Contemporary  physics  teaches  that  the 
properties  of  molecular  and  atomic  systems  arise  essentially  from  their 
interaction  or  their  contiguous  presence. 

What  seems  to  characterize  the  behavior  of  the  elementary  physical 
particle  might  give  us  a  key  for  understanding  the  elementary  units 
involved  in  neural  activity.  One  might  reasonably  assume  that  the  in¬ 
dividual  neurons  of  the  nervous  system,  like  the  electrons  of  the  atom, 
may  have  a  collective  as  well  as  an  independent  behavior.  When  we  say 
neurons  we  mean,  of  course  the  fine  particles  in  the  neurons  and  particu¬ 
larly  those  in  the  cortical  cells.  However,  the  important  thing  to  be 
emphasized  is  that  there  is  a  collective  as  well  as  an  individual  be¬ 
havior  of  the  neuron  cells  and  that  the  characteristics  of  this  behavior 
are  due  to  interaction  processes  and  not  merely  to  the  inherent  properties 
of  neural  protoplasm. 

In  light  of  the  foregoing  I  venture  the  hypothesis  that  all  mental 
processes,  including  those  of  consciousness  and  cognition,  are  mani¬ 
festations  of  collective  behavior  of  the  elementary  systems  in  the  enceph¬ 
alon.  Different  spatial  and  electrochemical  field  patterns  define  various 
psychologic'al  processes,  and  these  are  aroused  or  constituted  when  they 
attain  a  sufficient  intensitydue  to  the  collective  activity  of  the  generated 
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behavior.  This  activity  may  be  manifested  externally  either  as  various 
kinds  of  electric  rhythms  in  the  form  of  short-lived  waves  (EEG,  alpha, 
and  beta)  or,  as  recently  shown,  by  less  fluctuating  or  so-called  quasi¬ 
steady  currents. 

We  now  come  to  the  possible  physical  equivalent  of  what  we  have 
termed  insightful  or  intelligent  behavior:  namely,  the  event  or  the  events 
that  take  place  in  the  brain  when  an  individual  may  be  said  to  perceive, 
is  aware  of,  or  educes  a  relation.  Note  that  I  have  said,  again,  equivalent 
and  not  a  correlate  of:  I  look  upon  perception,  cognition,  and  insight  not 
as  concomitant  physical  events  in  the  brain,  but  as  the  events  them¬ 
selves.  These  events  are  at  once  both  mental  and  physical.  They  are 
different  only  in  the  way  they  are  described. 

With  the  foregoing  as  a  point  of  departure,  it  would  seem  that  insight 
as  a  physical  fact  could  be  intelligibly  described  as  a  collective  re¬ 
sponse  of  the  elementary  systems  in  cortical  cells  in  one  or  another 
region  of  the  brain.  This  interaction  must  be  conceived  as  occurring  not 
through  the  transmission  of  impulses,  in  the  manner  classically  postu¬ 
lated,  along  axons  or  nerve  trunks,  but  rather  as  a  resonance  phenomenon. 

The  resonance  with  which  we  are  most  familiar  is  the  kind  manifested 
in  the  re-echoing  of  sounds  through  reflection  or  its  prolongation  through 
reverberation.  It  is  the  response  of  a  system  or  object,  such  as  a  tuning 
fork,  having  a  given  vibrating  frequency  to  another  periodic  stimulus  or 
vibration  of  the  same  or  nearly  the  same  frequency.  Similar  phenomena 
characterize  the  reinforcement  and  impedance  conditions  of  electric 
circuits,  but  perhaps  what  would  be  immediately  pertinent  for  our  con¬ 
ceptualization  of  mental  processes  are  the  behavioral  properties  of  the 
individual  elementary  particle.  One  of  the  most  important  of  these  is  the 
property  of  quantum  mechanical  resonance.  The  quantum  mechanical 
resonance  of  an  elementary  system  differs  in  a  basic  respect  from  the 
performance  of  macroscopic  bodies  such  as,  for  example,  the  prongs  of 
a  tuning  fork.  In  the  latter,  the  reinforcement  of  sound  vibration  results 
from  a  simple  addition  or  superposition  of  one  series  of  amplitudes  onto 
that  of  another.  In  the  case  of  quantum  mechanical  resonance,  “the 
separate  wave  components  are  no  longer  considered  as  existing  inde¬ 
pendently.  The  resultant  amplitude  formed  by  superposition  of  other 
states  is  not  a  simple  sum  of  the  amplitudes  of  the  interacting  compo¬ 
nents.  The  wave  interaction  of  one  set  of  particles  with  another  results 
in  a  new  state  or  system"  (Stern,  1956). 

In  the  light  of  the  foregoing  I  suggest  that  mental  events  in  the  brain 
consist  of  the  creation  of  successive  molecular  systems  when  activity 
in  any  one  group  of  cells  is  reinforced  or  inhibited  by  the  reverberation 
to  particles  in  some  other  group  of  cells.  Mental  phenomena  are  patterns 
of  such  resonances,  or  recurring  quantum  mechanical  systems,  activated 
in  one  or  another  part  of  the  brain.  Insight  is  the  perception  or  psycho¬ 
logical  equivalent  of  a  certain  type  of  resonance:  the  type  that  happens 
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to  have  meaningful  implications  for  the  individual  experiencing  it.  Intel¬ 
ligence  is  a  sequence  of  such  insights  leading  to  purposeful  or  practical 
behavior.  An  intelligent  person  may  thus  be  defined  as  one  who  has  been 
endowed  with  more  or  better  resonators.  This  does  not  exclude  the  pos¬ 
sible  influence  of  environmental  stimulation,  but  it  does  support  the  view 
of  Paul  Weiss  that  any  pattern  of  behavior  “is  developed  by  the  laws  of 
its  own  embryonic  differentiation  without  aid  of  sensory  input  from  the 
outside  world.” 

Two  additional  remarks  are  required.  First,  whatever  the  nature  of  the 
physical  process,  the  phenomena  must  be  understood  as  occurring  initial¬ 
ly  at  a  molecular  and  not  at  a  macroscopic  level.  To  be  sure,  they  may 
be  later  amplified  macroscopically.  Gross  stimulation  of  the  brain,  or 
damaging  it,  as  by  cutting  or  extirpation,  while  capable  of  furnishing 
useful  information  to  the  neurologist,  is  of  little  value  in  telling  us  what 
is  taking  place  in  the  brain.  By  the  same  token,  attempts  at  altering  its 
function  will  depend  more  on  how  we  can  modify  its  molecular  structure. 
For  this  reason  electric  and  chemotherapies,  in  spite  of  their  negligible 
contributions  to  date,  hold  out  much  more  hope  for  effective  change  of 
human  behavior,  but  not  necessarily  for  the  better,  than  do  psychological 
procedures.  However,  the  chemotherapies  of  the  future,  of  course,  may 
necessarily  involve  techniques  quite  different  from  those  presently 
in  vogue. 

The  second  remark  to  be  made  concerns  thinking  as  a  psychological 
phenomenon.  The  so-called  laws  of  thought,  as  Bertrand  Russell  has 
pointed  out,  are  not  descriptions  of  psychological  processes,  but  only 
a  set  of  rules  for  testing  the  validity  of  logical  propositions.  Human 
thinking  only  occasionally  follows  such  rules.  As  introspectively  de¬ 
scribed,  valid  thinking  is  more  generally  achieved  through  sequential 
associations  and  sudden  insights  than  by  logical  analysis.  At  times 
thinking  is  also  evaluative,  that  is,  it  involves  judgments  as  to  the 
appropriateness,  desirability,  and  usefulness  of  its  conclusions.  In  such 
instances  it  is  also  intelligent. 

The  answer  to  the  question  as  to  whether  machines  can  think  does 
not,  of  course,  depend  solely  on  the  manner  in  which  they  achieve  their 
end,  nor  is  it  necessarily  tied  to  any  specific  hypothesis  (Wisdom,  1956): 
for  example,  the  hypothesis  that  the  chief  mechanism  of  the  central 
nervous  system  is  one  of  negative  feedback.  The  brain  may  or  may  not 
function  predominantly  in  this  way. 

Nevertheless,  if  by  thinking  one  comprehends  primarily  the  capacity 
to  process,  sort,  and  utilize  information,  to  execute  logical  operations, 
and  to  solve  rational  problems,  one  must  agree  that  machines  can  think. 
One  is  forced  to  this  conclusion,  not  only  from  an  appraisal  of  the  tasks 
that  the  digital  computers  are  already  known  to  perform,  but  also  from 
the  theoretical  considerations  of  their  potentials  as  described,  for 
example,  by  Norbert  Wiener,  J.von  Neumann  (1951)  and  A.  M.  Turing  (1951). 
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However,  while  I  have  been  convinced  that  machines  can  think,  I  find 
no  indication  that  they  are  capable  of  any  type  of  a  performance  that 
I  call  intelligent.  My  chief  reason  for  this  view  is,  as  I  have  already 
indicated,  that  while  the  digital  computer  can  do  many  things  that  have 
previously  been  considered  characteristic  of  human  mentation,  the  abili¬ 
ties  manifested  do  not  go  beyond  performance.  Although  capable  of  making 
decisions,  the  digital  (or  analogue)  computer  cannot  evaluate  its  own 
work,  that  is,  understand  either  the  relevance  or  purpose  of  what  it  is 
doing.  It  may  be  able  to  solve  complex  differential  equations  but  will 
not,  unaided,  set  up  a  simple  experiment.  It  will  go  on  calculating  if 
its  house  is  on  fire  or  the  problem  it  is  trying  to  solve  is  no  longer 
relevant  or  necessary. 

We  have  just  conceded  that  machines  can  think  and,  we  may  add,  that 
they  can  make  decisions.  However,  these  decisions  are  always  statis¬ 
tically  determined:  that  is,  they  depend  on  the  totality  of  combinations 
that  the  input  information  makes  available.  Once  the  computer  has  been 
programmed,  it  must  go  through  a  predestined  routine.  Compared  to  the 
human  mind,  it  may  have  to  do  an  inordinate  amount  of  work  even  in 
solving  a  simple  problem.  The  fact  that  it  can  perform  it  very  much  faster 
and  more  accurately  does  not  make  it  intelligent.  Intelligence,  like 
creativity,  presupposes  avoidance  of  what  Henri  Poincar4  (1951)  has 
termed  “sterile  combinations,”  that  is,  combinations  that  in  the  long 
run  are  irrelevant  and  useless.  “The  inventive  individual,”  he  once 
said,  proceeds  not  “like  a  purchaser  before  whom  are  displayed  a  large 
number  of  samples,  and  who  examines  them  one  after  another  to  make 
a  choice;  here  the  samples  would  be  so  numerous  that  a  whole  life  would 
not  suffice  them  ...”  Actually,  “the  sterile  combinations  do  not  even 
present  themselves  to  the  inventor.” 

Thus  far,  it  will  have  been  noted,  I  have  not  offered  any  succinct 
definition  of  intelligence,  although  the  title  ot  this  paper  indicates  that 
1  should  attempt  to  formulate  one.  I  have  refrained  from  doing  so,  not 
only  to  avoid  dilating  on  a  construct  about  which  there  is  so  much  dis¬ 
agreement,  but  because  I  have  hoped  that  my  own  concept  of  intelligence 
might  be  inferred  from  the  context  in  which  I  am  using  the  term.  I  have 
presented  elsewhere  a  formal  definition  of  intelligence  that  may  or  may 
not  be  better  than  others  that  are  more  familiar.  Space  is  lacking  to 
discuss  the  latter,  and  I  do  not  think  that  my  own  concept  of  it  would 
settle  matters.  In  concluding,  therefore,  I  shall  state  only  what  I  think 
intelligence  is  not,  and  I  shall  designate  the  one  attribute  which  in  my 
opinion,  is  its  sine  qua  non.  Intelligence  (Wechsler,  1958)  however  de¬ 
fined,  is  not  the  equivalent  of  any  ability,  however  esteemed,  particularly 
not  of  learning  or  even  of  abstract  reasoning  ability.  Something  more 
than  performance  must  be  involved.  That  something,  as  I  have  already 
indicated,  is  awareness  of  the  meaning  and  purpose  of  performance  on  the 
part  of  the  operant.  I  have  called  this  aspect  of  intelligence  understanding. 
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Behavior  that  does  not  involve  understanding  is  in  my  opinion  not  in¬ 
telligent.  Machines  do  not  possess  understanding;  hence,  by  my  definition, 
they  are  essentially  stupid  or,  they  are  at  best,  idio-savants. 

Digital  computers  may  be  able  to  think,  to  learn,  and  eventually, 
perhaps,  also  to  reproduce  themselves;  but  they  cannot  understand  what 
they  are  doing.  In  this  respect  they  may  not  differ  very  much  from  the 
way  human  beings  function  much  of  the  time;  all  of  which  may  mean 
simply  that  men  usually  behave  like  machines.  However,  sometimes  they 
do  not;  and  then  they  build  machines. 
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DIVISION  Oh'  ASTIIROPOIjOOY 

SOME  RECENT  DEVELOPMENTS  IN  THE  SOCIOLOGY  OF  THE 
BAMBUTI  PYGMIES* 

Colin  M.  Turnbull 

American  Museum  of  Natural  History,  New  York,  N.Y. 

A  striking  feature  of  any  survey  of  ancient  and  early  sources  concerning 
the  African  Pgymies  is  that  from  the  time  these  people  first  entered  the 
recorded  scene,  in  Fourth  Dynasty  Egypt,  our  knowledge  of  them  steadily 
decreased  until  the  late  Nineteenth  Century. 

To  the  mediaeval  European  world  the  Pygmies  were  no  longer  the 
reality  they  were  to  the  ancient  world;  they  had  already  become  a  myth. 
So  much  so  that  one  great  Seventeenth  Century  English  scientist,  E. 
Tyson,  obtained  a  skeleton  and  wrote  a  treatise  entitled  The  Anatomy 
oi  a  Py^mie  Compared  to  That  of  a  Monkey,  an  Ape  and  a  Man,  in  which 
he  proved  conclusively  that  the  legendary  Pygmy  was  nothing  but  an 
ape.  The  skeleton  survived,  and  when  examined  later  it  was  realized 
that  Tyson  was  not  so  far  wrong  —  it  was  that  of  a  chimpanzee. 

In  the  latter  part  of  the  Nineteenth  Century  explorers  such  as  H. 
Stanley  and  G.  Schweinfurth  gave  the  first  detailed,  sober,  eyewitness 
accounts  of  Pygmies  to  the  modern  world,  but  it  was  not  until  the  1930s 
that  any  scientific  work  was  undertaken.  In  1929  Paul  Schebesta  made 
the  first  of  a  series  of  field  trips  to  the  Ituri  Forest,  and  it  became 
established  that  this  area  in  the  northeast  corner  of  the  Belgian  Congo 
was  the  last  stronghold  of  the  true  African  Pygmies,  whom  he  calls 
“Bambuti,”  although  groups  of  Pygmoids  appear  in  a  number  of  other 
parts  of  the  equatorial  belt. 

Schebesta 's  findings  over  a  number  of  years,  as  published  by  him 
in  his  major  work  Die  Bambuti  Pygmaen  vom  Ituri,  remained  largely 
unchallenged  except  for  a  few  relatively  small  details.  The  work  of 
other  anthropologists  such  as  B.  J.  Costermans  and  M.  Gusinde  tended 
with  some  exceptions  to  confirm  his  findings,  and  certainly  his  inter¬ 
pretation  of  the  Pygmy-Negro  relationship  has  been  widely  accepted, 
supported  as  it  is  by  almost  every  traveler's  account. 

Following  my  second  visit  to  the  Ituri  Forest  in  1954,  I  found  myself 
sharply  in  opposition  to  Schebesta,  and  continued  to  find  not  only  my 
interpretation  but  also  my  facts  almost  invariably  divergent  from  his.  At 
first  it  seemed  that  there  could  scarcely  be  room  for  both  accounts,  that 
one  of  them  must  be  seriously  mistaken,  but  after  my  third  visit,  in  1957 
and  1958,  at  the  end  of  which  1  had  the  opportunity  for  meeting  Schebesta 
in  Vienna,  Austria,  and  discussing  the  whole  problem  with  him,  it  appeared 

*  This  paper  was  presented  at  a  joint  meeting  of  the  Division  of  Anthropology  and  the 
American  Ethnological  Society  on  January  25,  1960. 
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that  each  of  us  in  his  own  way  was  correct,  because  each  had  unknowingly  P 
been  forced  into  observing  from  totally  different  viewpoints.  f 

Our  major  point  of  departure  was  over  the  nature  of  the  relationship  I 

between  the  BaMbuti  and  the  various  Negro  tribes  with  whom  they  I 

associate.  Following  this,  we  disagreed  over  the  practice  and  significance 
of  certain  rites,  and  to  a  much  lesser  extent  over  the  social  organization 
of  the  BaMbuti. 

Schebesta  was  of  the  opinion  that  the  BaMbuti  were  not  “degenerates” 
of  Negro  stock,  as  some  had  maintained,  but  both  racially  and  culturally 
distinct.  He  devoted  a  great  deal  of  research  to  showing  that  the  magico- 
religious  system  of  the  Pygmies,  although  outwardly  similar  to  that  of 
the  Negro  tribes,  is  in  fact  quite  distinct.  With  this  I  completely  agree. 
However,  at  the  same  time  he  claimed  that  the  Pygmies,  who  are  nomadic  , 
hunters  and  gatherers  and  the  original  inhabitants  of  the  forest,  had 
fallen  under  the  yoke  of  the  invading  Negro  tribes  and  were  in  fact  [ 
subject  to  them.  f 

The  Negro,  according  to  Schebesta,  was  able  to  exert  control  over  | 
the  Pygmies,  to  force  them  to  work  on  his  plantations,  or  to  act  as  hewers  , 
of  wood  and  drawers  of  water;  perhaps  most  important  of  all,  he  was  ) 
able  to  use  them  as  hunters  to  bring  him  his  supply  of  meat.  In  return 
for  this  he  supplied  the  Pygmies  with  plantation  products  and  with  metal 
weapons  and  utensils.  An  essential  characteristic  of  this  relationship,  I 
as  described  by  Schebesta,  was  the  dependence  of  the  Pygmies  on  the  f 
Negroes,  their  inability  to  survive  on  their  own  resources. 

Schebesta  cited,  as  an  example  of  the  high  degree  of  this  dependence, 
the  nkumbt  initiation  rite  practiced  by  a  large  group  of  the  forest  Negro  ^ 
tribes.  In  this  initiation  boys  between  the  ages  of  nine  and  twelve  are 
circumcised,  then  initiated  into  the  adult  mysteries  of  tribal  lore.  They 
acquire  privileges  and  responsibilities  in  this  way.  The  Negroes,  ac¬ 
cording  to  Schebesta,  assert  their  authority  over  the  Pygmy  by  initiating  | 
him  together  with  the  Negro  boys,  generally  sending  the  Pygmy  first 
“to  clean  the  knife.”  It  forms  a  special  bond  between  the  Pygmy  and  the  ^ 
Negro  boy  initiated  next  to  him,  involving  mutual  responsibilities.  How-  •, 
ever,  it  also  subjects  the  Pygmy  to  Negro  tribal  lore  and  supernatural 
authority,  and  so  places  him  more  than  ever  in  a  subservient  position. 

To  the  Negro  it  is  inconceivable  that  any  boy  should  grow  up  into  1 
adulthood  without  being  initiated,  and  he  assumes  that  the  Pygmies  feel 
the  same  compulsion.  Only  the  Negroes  have  the  ritual  specialists  , 
qualified  to  perform  the  ceremony,  however,  and  in  this  way  they  feel  - 
that  they  have  ultimate  control  over  the  BaMbuti.  They  also  assume  that  | 
the  Pygmies,  once  initiated,  will  be  subject  to  the  same  supernatural  j 
authority  that  rules  over  them  and  that,  even  if  they  do  not  accept  the  • 
tribal  code,  they  will  be  punished  for  any  disobedience,  having  placed  1 
themselves,  by  participation  in  the  nkumbi,  under  that  authority.  I 
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I  have  evidence  that  in  one  area,  and  I  suspect  in  many  others,  if 
not  all,  this  is  only  true  as  a  picture  of  what  the  Negro  believes,  and 
of  what  the  Pygmy  appears  to  believe  if  he  is  observed  directly  in  rela¬ 
tionship  with  the  Negroes,  not  only  in  the  villages  but  even  in  the  forest 
when  still  in  the  company  of  Negroes.  I  think  it  would  have  taken  longer 
than  it  did  to  realize  the  true  nature  of  the  relationship  had  it  not  been 
for  the  fortunate  opportunity  I  had  in  1954  for  witnessing  an  exceptional 
nkumbi  in  which  no  Negro  boys  took  part,  as  there  were  none  of  a  suitable 
age.  This  has  been  fully  described  by  me  elsewhere  (1957);  here  1  need 
give  only  the  main  outline. 

The  initiation  took  place  in  the  Epulu  district  of  the  Ituri  Forest;  it 
had  been  delayed  for  some  months  in  the  hopes  of  persuading  at  least 
one  Negro  boy  to  take  part,  but  his  father  was  a  Christian  and  refused 
permission.  Eventually  the  Negroes  decided  to  proceed,  as  they  felt  the 
nkumbi  must  be  held,  three  years  having  passed  since  the  last  one.  The 
entire  procedure  was  exactly  the  same  as  if  it  had  been  for  Negro  boys, 
the  Negroes  bearing  the  brunt  of  the  expense,  the  Pygmies  supplying 
a  small  amount  of  labor  and  some  meat  for  the  feasting.  The  important 
difference  was  that,  by  their  own  custom,  no  Negro  was  allowed  to  stay 
in  the  initiation  camp  overnight  —  only  relatives  of  the  boys  initiated 
had  this  right.  To  the  Pygmies,  however,  this  rule  was  of  little  signifi¬ 
cance.  As  far  as  they  were  concerned,  any  Pygmy  male  was  welcome,  and 
they  invited  me  to  stay  as  well,  knowing  that  I  was  interested  and  that 
1  would  keep  them  well  supplied  with  tobacco  and  other  luxuries.  The 
Negro  attitude  was  ambivalent  —  they  knew  me  well  enough,  and  felt 
that  they  too  might  benefit  by  my  presence,  but  at  the  same  time  they 
were  envious  of  my  apparent  immunity  from  the  supernatural  sanction 
that  they  felt  would  strike  them  down  if  they  flaunted  custom  as  1  did. 

1  was  allowed  to  stay,  however,  and  so  was  able  to  see  firsthand  the 
extraordinary  duality  that  is,  1  believe,  the  major  characteristic  of  the 
Pygmy’s  relationship  with  the  Negro.  As  long  as  one  or  more  Negroes 
were  present,  as  was  almost  always  the  case  from  dawn  to  dusk,  the 
Pygmy  boys  and  their  “fathers”  observed  all  the  various  prohibitions  and 
behaved  with  the  appropriate  respect  toward  sacred  emblems,  and  the 
children  displayed  the  fear  expected  of  them  when  they  heard  the  sound 
of  the  bull-roarer  and  were  told  it  was  the  voice  of  a  dangerous  and 
powerful  spirit.  However,  at  night,  when  all  the  Negroes  had  left,  the 
initiation  camp  was  transformed.  The  “fathers”  complained  openly  in 
front  of  the  boys  about  the,  to  them  unnecessary,  brutality  of  the  Negroes, 
and  equally  openly  made  fun  of  the  Negro  conviction  that  the  Pygmies 
believed  all  that  “nonsense”  about  bull-roarers,  sacred  emblems,  and 
other  such  tenets. 

The  boys  themselves  not  only  broke  any  and  all  prohibitions  after  the 
Negroes  had  left,  but  joined  in  the  fun,  miming  Negro  antics  even  to 
the  swinging  of  the  bull-roarer  that  they  were  meant  not  to  have  seen. 
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Some  of  their  “offenses”  were  willful  and  deliberate,  such  as  the  way 
they  used  to  play  punchball  with  a  sacred  banana  that  hung  from  the  I 
roof  of  their  hut;  others  were  merely  incurred  in  behaving  in  what  was 
to  them  the  most  reasonable  way  —  by  eating  with  their  parents,  by  eating  ! 

prohibited  foods,  by  washing  in  the  rain  to  get  rid  of  the  white  clay  | 

smeared  on  their  bodies  during  the  day,  despite  the  Negro  teaching  that  | 

to  be  touched  by  rain  means  death  to  an  initiate.  j 

By  their  actions  and  by  their  conversation  it  became  quite  clear  that  | 

the  Pygmies  took  part  in  the  nkumbi  simply  in  order  to  acquire  status  j 

in  Negro  society,  without  accepting  any  of  the  magico-religious  implica- 
tions.  They  certainly  did  not  feel  themselves  bound  by  the  supernatural  [ 
sanctions  that  bound  the  Negro  to  such  a  point  that  he  could  not  even  : 
properly  supervise  the  nkumbi,  | 

Most  significantly,  however,  these  same  boys  who  acquired  the  status  ; 
of  adults  in  the  Negro  village  in  this  way  were  still  considered  as  | 
children  when  they  returned  to  their  forest  hunting  camp.  They  returned 
to  their  mothers,  were  not  allowed  to  take  part  in  the  adult  male  religious  | 
singing  activities  (the  molimo)  and,  in  fact,  reverted  to  their  former 
status  without  any  change.  This  led  me  to  suspect  that  there  might  be  ^ 
dichotomy  of  values,  a  hiatus  between  the  forest  and  the  village  life  I 
of  the  Pygmy.  Strong  evidence  that  this  was  so  appeared  immediately 
in  an  examination  of  the  music  of  the  people.  [ 

Here  again  Schebesta  and  1  had  found  ourselves  in  contradiction 
or,  to  be  more  exact,  we  had  found  that  our  facts  were  in  apparent  con-  ! 

tradiction.  His  observations  were  that  the  Pygmies  were  poor  musicians,  j 
specializing  in  drumming  and  wild  dancing.  My  own  observations  were 
that  the  Pygmies  were  excellent  musicians  who  never  used  drums  and  ^ 
who  had  the  most  exquisite  and  even  delicate  sense  of  dance.  The 
reason  for  our  disagreement,  1  suppose,  should  have  been  clear  before, 
but  it  now  became  increasingly  evident,  namely  that  Schebesta's  obser-  j 
vations  had  been  made  almost  entirely,  and  of  necessity,  either  of 
Pygmies  in  Negro  villages  or  in  forest  camps  where  Negroes  were  present, 
whereas  mine  had  been  made,  apart  from  the  nkumbi,  mainly  in  the 
forest.  Under  the  one  set  of  circumstances  the  Pygmies  behave  in  one 
way,  and  under  the  other  in  a  completely  different  way.  There  is  in  fact 
a  barrier,  consciously  felt  by  the  Pygmies  and  maintained  by  them,  , 
keeping  the  two  worlds  apart. 

My  major  field  trip,  in  1957-1958,  was  spent  almost  entirely  in  the 
forest  and  with  no  Negroes  present.  The  first  and  most  obvious  difference  ; 
noticeable  between  forest  life  and  village  life,  apart  from  economic 
activity,  was  in  music.  The  forest  songs  of  the  BaMbuti  were  never  ^ 
sung  during  the  occasional  short  visits  to  the  village.  Drums  were  used  j 
only  when  they  were  within  easy  reach  of  a  Negro  village  from  which  i, 

they  could  be  borrowed  or  stolen,  and  they  were  never  used  on  any  L 

important  religious  occasion.  Even  more  significant,  it  became  apparent  I 
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that  the  Pygmies  consecrate  any  particularly  important  event  with  a 
special  kind  of  praise  song.  At  the  same  time  it  was  equally  apparent 
that  Negro  rituals  and  customs  that  the  BaMbuti  practiced  in  the  village 
were  of  no  significance  in  the  forest,  were  not  practiced  there,  and  were 
not  consecrated  in  this  way.  For  the  nkumbi,  for  instance,  the  Pygmy  has 
no  music  of  his  own;  he  merely  imitates  the  Negro. 

The  importance  of  this  can  be  recognized  only  when  it  is  known  how 
important  song  and  dance  are  to  the  Pygmy  in  his  forest  life.  It  is  then 
that  the  hiatus  between  the  two  worlds,  consciou;ily  and  deliberately 
maintained,  becomes  most  striking.  By  refusing  to  consecrate  village 
activities  with  forest  music,  or  at  least  by  refraining  from  doing  so,  the 
BaMbuti  deny  Negro  rites  any  validity  in  the  forest.  Thus  the  elaborate 
funeral  and  mourning  ceremonies  that  the  Pygmies  go  through  if  one  of 
their  members  dies  when  in  a  Negro  village,  or  the  marriage  ceremonies, 
or  even  the  nkumbi  itself,  are  in  no  way  related  to  their  forest  life. 
Conversely,  the  Pygmies  will  not  profane  their  forest  life  by  bringing 
it  to  the  village,  which  explains  why  Schebesta  did  not  hear  their  forest 
songs,  for  they  will  not  willingly  sing  these  even  in  the  forest  if  Negroes 
are  in  the  camp. 

In  this  way  the  BaMbuti  maintain  a  dual  system  of  behavior  and 
values.  In  the  forest  they  live  one  way  and  are  bound  by  certain  values; 
in  the  village  they  live  another  life.  This  opposition  is  even  formalized 
in  the  course  of  forest  celebrations  of  the  molimo,  a  religious  festival 
occasioned,  among  the  Pygmies,  by  any  major  crisis.  This  festival,  which 
I  describe  fully  in  one  of  two  articles  about  to  be  published  in  Zaire, 
consists  mainly  of  the  singing  of  special  molimo  songs  to  the  forest. 
The  purpose  of  all  forest  music,  among  the  Pygmies,  is  "to  rejoice  the 
forest."  Thus  a  girl  at  her  first  menstrual  period  sings  "to  rejoice  the 
forest"  in  appreciation  of  the  fact  that  she  is  now  a  potential  mother,  and 
this  is  an  occasion  for  great  rejoicing.  Similarly,  hunting  songs  or 
honey-gathering  songs  are  sung  "to  rejoice  the  forest  ”  with  typical 
Pygmy  logic  and  realism  when  there  is  any  adverse  crisis  such  as  ill¬ 
ness,  severe  bad  hunting  (a  rare  occurence),  or  death. 

I  shall  not  dwell  here  on  how  divergent  this  is  from  Negro  practice 
in  the  Ituri  area,  where  to  the  cultivator  the  environment  is  hostile, 
where  there  is  little  to  be  thankful  for  and  a  great  deal  to  give  rise  to 
accusations  of  sorcery  and  the  practice  of  witchcraft.  Suffice  it  to  say 
that  the  Pygmies,  as  distinguished  from  the  Negroes,  do  not  consider 
illness,  death,  or  misfortune  in  any  form  as  the  results  of  human  or 
supernatural  acts  of  hostility.  Their  reasoning,  to  paraphrase  their 
own  accounts,  is  that  normally  the  forest  supplies  all  their  needs  and 
is  therefore  good.  They  refer  to  the  forest  as  father  or  mother,  because 
it  looks  after  its  children  (the  BaMbuti).  It  is  normal  for  life  to  be  full 
and  satisfactory,  without  illness  or  misfortune.  Hunting  accidents  are 
extremely  rare,  as  are  attacks  by  wild  animals.  The  dangerous’  time  is 
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at  night,  when  sleeping.  At  such  a  time  animals  may  enter  the  camp,  or 
the  camp  may  be  attacked  by  hordes  of  army  ants,  or  other  things  may 
happen  that  may  be  avoided  during  the  day.  So  the  Pygmy  says  that 
any  misfortune,  whatever  it  may  be,  must  be  attributed  to  the  fact  that 
“the  forest  is  sleeping.”  The  obvious  remedy  is  to  wake  it  up,  and 
this  is  the  purpose  of  the  special  tnolimo  songs,  in  which  a  long  wooden 
horn  is  used  to  echo  the  song  far  into  the  depths  of  the  forest,  so  that 
it  is  sure  to  awaken.  The  songs  do  not  ask  for  this  or  that;  many  of 
them  are  almost  completely  without  words,  mere  vowel  sounds  improvised 
at  the  whim  of  each  individual.  However,  the  song  is  a  corporate  effort 
in  which  all  adult  males  are  expected  to  take  part.  Once  the  forest  is 
awake,  it  is  reasoned,  then  everything  will  come  right  again.  As  one 
song  says,  “if  darkness  is  (or  must  be),  the  darkness  is  good”  —  that 
is,  death  is  accepted,  along  with  other  misfortunes,  either  as  the  will 
of  the  forest  and  therefore  good,  or  as  a  result  of  the  failure  of  the 
Pygmies  to  wake  it  up  in  time.  ' 

The  molimo  is  carried  out  with  little  ceremony,  although  it  involves,  | 
among  other  things,  nightly  feasting.  Before  the  great  molimo  songs 
are  sung;  especially  if  the  camp  is  anywhere  near  a  Negro  village,  some-  ^ 

one  will  quietly  drag  a  few  branches  or  fallen  logs  across  the  path  | 

leading  to  the  village,  blocking  it  off,  shutting  out  the  profane  world 
outside  the  sacred  forest.  I  have  seen  the  performance  of  a  molimo 
temporarily  halted  by  the  presence  of  one  Negro  in  the  camp.  At  other 
times  I  have  seen  “mock’  ’  performances  when  some  important  Negro  I 
insisted  on  attending  in  order  to  pay  his  respects  to  the  dead.  | 

This  opposition  of  the  Pygmies,  which  1  think  can  be  fairly  compared 
with  the  opposition  of  sacred  and  profane,  repeats  itself  and  characterizes  } 
all  Pygmy  relationships  with  their  Negro  neighbors.  However,  it  is  evident 
only  if  you  observe  customs  from  both  sides  of  the  barrier,  and  this  is 
not  easy.  Schebesta  observed  from  one  side,  and  was  cut  off,  without 
knowing  it,  from  the  other.  Similarly  1  observed  from  the  Pygmy  side,  and 
was  consequently  persona  non  grata  among  the  Negro  tribes.  By  putting 
the  two  inescapable  sets  of  facts  side  by  side  one  obtains  a  much  clearer  ‘ 
and  fuller  picture.  With  this  in  mind,  it  is  much  easier  to  understand  the 
Pygmy-Negro  relationship  that  has  been  the  source  of  much  misunder¬ 
standing  and  doubt. 

Outwardly,  from  the  village  point  of  view,  the  Pygmies  are  a  subject 
people,  subjecting  themselves  to  Negro  masters  and  to  the  control  of  i 
Negro  supernatural  sanctions.  The  Pygmies  work,  either  on  plantations 
or  as  hired  hunters,  in  return  for  plantation  products  such  as  rice,  I 
plantains,  and  manioc,  and  for  certain  metal  artefacts.  They  seem  to 
have  adopted  not  only  the  language  but  also  the  culture  of  whatever  | 
tribe  they  happen  to  associate  with;  from  the  forest  point  of  view,  how-  | 
ever,  it  is  just  the  reverse  —  the  Pygmies  are  masters  of  the  situation,  t 
They  are  free  to  come  and  go  as  they  please,  and  it  is  a  fact  that  no  ) 
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Negro  can  force  a  Pygmy  group  to  act  against  its  will,  except  in  so  far 
as  he  can  bribe  them.  The  moment  a  Pygmy  group  becomes  dissatisfied 
it  will  return  to  the  forest,  and  even  attach  itself  to  a  different  Negro 
group.  This  is  in  fact  a  not  infrequent  source  of  dispute  between  Negro 
groups  and  individuals,  who  claim  “hereditary  ownership”  over  Pygmy 
groups  or  families. 

It  is  also  a  fact  —  one  accepted  with  some  reluctance  by  any  Negro 
who  “owns”  Pygmies  —  that  the  latter  will  take  from  the  plantations 
whatever  they  feel  is  their  due  if  they  are  not  given  it.  It  now  seems 
evident  that  the  Pygmies  accept  the  outer  trappings  of  Negro  custom 
only  for  what  they  are  worth  to  them,  and  do  not  feel  themselves  bound 
by  Negro  law  or  supernatural  sanction  in  consequence.  A  Negro-supervised 
funeral  and  mourning  ceremony  does  not  relieve  the  Pygmy  of  the  neces¬ 
sity  for  holding  a  molimo  if  he  feels  that  a  particular  death  calls  for 
it.  Nor  does  a  Negro-controlled  marriage  between  two  pygmies,  with 
the  exchange  of  gifts  and  payment  of  wealth,  make  the  marriage  any 
more  stable  or  prevent  the  two  from  separating  when  they  return  to  the 
forest,  leaving  the  Negro  “masters”  to  make  the  necessary  restitution. 

The  more  the  Pygmy  gets  used  to  such  products  of  the  Negro  com¬ 
munity  as  food,  iron,  clothes,  tobacco,  and  palm  wine,  the  more,  of 
course,  will  he  find  himself  obliged  to  come  into  increased  contact 
with  the  village  and,  as  luxuries  become  necessities,  so  will  he  become 
increasingly  dependent  on  the  Negro,  although  present  administrative 
measures  to  force  Pygmies  to  cultivate  plantations  are  likely  to  alter 
the  entire  situation  in  a  drastic  and  possibly  tragic  manner. 

The  key  to  the  present  situation,  in  my  opinion,  is  to  be  found  in 
a  comparison  of  a  Pygmy  group  when  in  the  forest  with  that  same  group 
when  in  the  village,  with  particular  attention  to  its  system  of  values. 
The  evidence  thus  far  reveals  the  barrier  that,  I  suggest,  is  formalized 
in  the  ritual  closing  of  the  path  leading  to  the  village  during  the  molimo 
and  by  the  refusal  of  the  Pygmies  to  sing  the  sacred  forest  songs  in 
the  profane  Negro  village.  Such  a  comparison  would  certainly  also 
reveal  the  small  amount  of  control,  natural  or  supernatural,  that  the 
Negroes  exercise  over  “their”  Pygmies  and  the  ineffectiveness  of  the 
alleged  system  of  inheritance. 

In  case  there  should  be  any  doubt  as  to  Pygmy  opinion  regarding  their 
relationship  with  their  Negro  neighbors,  I  conclude  by  quoting  a  wise 
old  MaMbuti  who  said  to  me,  in  explaining  why  Pygmies  resort  to  all 
sorts  of  tricks  to  keep  the  Negroes  away  from  the  forest:  “This  is  our 
forest;  it  is  a  good  forest,  and  it  is  no  place  for  savages.” 
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DIVISIOX  OF  OCEAXOGRAPIIV  AXD  METEOROLOGY 

ARCAS  HIGH-ALTITUDE  METEOROLOGICAL  ROCKETSONDE  SYSTEM* 

John  A.  Brown 

Ballistics  Research  Laboratories,  Aberdeen,  Md. 

The  Areas  rocket  shown  in  figure  1  (all-purpose  rocket  for  collec¬ 
tion  of  atmospheric  soundings)  originally  was  developed  under  the 
sponsorship  of  the  three  services  as  represented  by  the  Office  of  Naval 
Research,  Air  Force  Cambridge  Research  Center,  and  the  United  States 
Army  Signal  Research  and  Development  Laboratories.  The  Areas  sound¬ 
ing  rocket  was  developed  for  the  stratospheric  meteorologist  and  high- 
altitude  research  scientist  as  a  low-cost  integrated  system  to  obtain 
routine  temperature  and  pressure  and  wind  measurements,  and  to  conduct 
experiments  between  80,000  and  250,000  feet. 

Vehicle  Discussion 

The  current  Areas  rocketsonde  system  consists  of  the  following  seven 
components; 

(1)  Propulsion.  A  high-impulse,  solid-propellant  rocket  motor  supplies 
the  thrust  for  the  Areas  sounding  rocket.  The  high-energy  aluminized 
rocket  fuel  is  designed  as  an  end-burning  grain  that  supplies  thrust  for 
a  relatively  long  time. 

The  long-burning  time  of  this  propellant-charge  design  permits  a 
higher  degree  of  conversion  of  propulsive  energy  into  tocket  velocity 
and  performance  than  is  available  in  comparable  sounding  rockets.  A 
greater  portion  of  the  time  of  the  rocket  thrust  is  used  in  the  higher 
regions  of  the  atmosphere,  and  a  minimal  amount  of  thrust  is  lost  because 
of  aerodynamic  drag. 

The  end-burning  Areas  motor  makes  possible  a  higher  propellant-load¬ 
ing  density  and  a  vehicle  slenderness  for  minimal  drag  —  thus,  the 
smallest  vehicle  for  a  given  peak -altitude  attainment. 

As  shipped,  the  Areas  motor  is  ready  for  immediate  launching  after 
igniter  insertion.  The  motor  is  supplied  with  an  easily  attached,  elec¬ 
trically  actuated  igniter  requiring  a  current  of  only  2  amp.  for  reliable 
operation. 

(2)  Aerodynamic  performance.  The  Areas  is  designed  to  carry  a  12-lb. 
payload  to  an  altitude  of  210,000  feet.  Modification  in  peak  altitude 
can  be  made  by  varying  payload  weight.  The  rocket  is  aerodynamically 
stable  with  payloads  as  light  as  5  lb.  With  a  12-lb.  payload,  the  Areas 
reaches  a  maximum  burnout  velocity  of  3700  ft. /sec.  at  47,000  feet. 

*Thi8  paper,  illustrated  with  slides  and  motion  pictures,  was  presented  at  a  meeting 
of  the  Division  on  January  26,  1960. 
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Four  tail  fins  are  attached  to  the  motor-tube  boattail  for  aerodynamic 
stability.  Fins  are  aligned  to  maintain  rocket  roll  rate  below  a  maximum 
of  2  rps. 

Table  1  and  figure  2  show  the  performance  data  for  the  Areas 
rocket. 

Table  1 

Performance  Data 

Nominal  payload  (including  parachute 
recovery  unit) 

Maximum  altitude 
Time  to  maximum  altitude 
Altitude  at  burnout 
Maximum  velocity 
Acceleration  at  launch 
Launch  velocity 

Total  rocket  weight  (including  payload) 


so  100  ISO  200  2S0  300 

TIME  -  SECONDS 


12  lb. 

210,000  feet 
128  sec. 
47,000  feet 
37,000  ft. /sec. 
30  g. 

125  fL/sec. 
77.0  lb. 


Figure  2.  Areas  trajectory-vertical  launch  (5-,  10-,  and  15-lb.  payloads). 
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(3)  Areas  launcher.  A  unique,  closed-breech  portable  launcher  has 
been  developed  to  launch  the  Areas  easily  and  accurately.  Utilizing  the 
initial  exhaust  gas  pressure  built  up  by  the  rocket,  the  launcher  expels 
the  rocket  at  a  velocity  higher  than  could  otherwise  be  achieved.  Rocket 
trajectory  dispersion  is  thus  reduced  and  the  accuracy  of  impact-point 
prediction  is  improved.  Aiming  within  a  20°  vertical  cone  is  accomplished 
by  means  of  azimuth  and  elevation  adjustment. 

The  launcher  is  designed  for  easy  assembly  so  that  launching  may  be 
carried  out  from  shipboard  and  remote  locations  as  well  as  at  established 
missile  ranges.  The  launcher  consists  of  5  major  parts  weighing  a  total 
of  390  lb.  Two  men  can  assemble  the  launcher  in  approximately  2  hours. 

(4)  Payload  separation.  To  ensure  positive  separation  and  deployment 
of  the  Areas  payload  and  recovery  parachute  at  peak  altitude,  a  pyro¬ 
technic  timing  device  and  separation  charge  are  used  with  the  standard 
Areas  rocketsonde  system. 

At  burnout  of  the  propellant  charge,  the  timing  device  is  initiated  | 
so  that,  after  a  predetermined  delay,  the  separation  device  is  ignited,  j 
Separation  of  the  parachute  and  instrument  payload  from  the  rocket  motor  I 
is  accomplished  with  a  relative  velocity  of  50  feet/sec.  and  a  maximum  ^ 
acceleration  of  50  g.  The  timing  delay  and  separation  devices  are  located  I 
between  the  rocket  motor  and  the  parachute-housing  section. 

(5)  Parachute  recovery.  The  standard  Areas  meteorological  rocketsonde 
system  employs  a  parachute  designed  to  lower  a  6.5-lb.  meteorological 
instrumentation  payload  from  210,000  to  80,000  feet  at  a  descent  rate  * 
sufficiently  low  to  permit  the  measurement  and  telemetry  of  meteorologi-  I 
cal  data  (figure  3).  The  parachute  (15  feet  in  diameter)  is  aluminized  ^ 
in  order  to  provide  better  radar  reflectivity.  Normally,  the  instrument  ■' 
package  will  take  25  to  30  min.  to  descend  from  210,000  to  80,000  feet.  | 

(6)  Nose  cone  and  parachute  sections.  In  the  standard  Areas  meteoro¬ 
logical  rocketsonde  system  with  parachute  descent  of  the  payloads,  j 
instrumentation  is  secured  to  a  plate  that  adjoins  and  is  attached  to  the  i 
forward  parachute  container  closure.  The  instrument  load  and  nose  cone  ^ 
are  attached  to  the  parachute  through  the  instrumentation  plate  and  ^ 
parachute  closure.  The  nose  cone  can  be  ejected  or  retained  with  the 
instrumentation  payload  at  the  time  of  parachute  deployment. 

(7)  Instrumentation  and  telemetry.  The  Areas  rocketsonde  system 
incorporates  low-cost  rocket  telemetry  and  radio-tracking  instrumentation  ^ 
operating  at  standard  meteorological  frequencies.  The  telemetry  system  I 
(AN/DMQ-6)  consists  of  the  following:  a  motor-driven  commutator  for  f 
sequential  sampling  of  various  parameters  being  measured;  a  blocking-  | 
oscillator  modulator;  a  1680  Me.  FM  cavity-oscillator  transmitter;  and  | 
a  403  Me.  superregenerative  detector  receiver  to  receive  the  ranging  >1 
modulation  transmitted  from  the  AN/GMD-2  ground  station.  The  nose  cone  | 
can  be  tracked  both  on  the  way  up  and  during  the  parachute  payload  i 
descent  with  a  ground  station  Rawin  set  AN/GMD-2.  As  an  alternative  (1' 
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Figure  3.  Descent  of  Areas  parachute  with  6, S-lb.  package. 

measure,  a  ground-based  radar  set  FPS-16  can  be  used  for  position 
tracking  and  a  AN/GMD-1  Rawin  set  for  telemetry.  At  present  a  modified 
AN/AMT-4  radiosonde  together  with  a  GMD-1  ground  set  and  FPS-16 
radar  are  used  in  the  Areas  rocketsonde  system  at  launching  areas  where 
the  newer  ground  set  (GMD-2)  is  nonexistent. 

Atmospheric  Parameters 

Presently  only  two  meteorological  parameters  are  being  directly  meas¬ 
ured  by  the  Areas  rocketsonde  system.  These  are  temperature  and  wind 
measurements.  However,  since  a  reliable  trajectory  altitude  can  be 
obtained  by  radar  or  through  the  use  of  a  GMD-2  ground  set,  a  reliable 
pressure  versus  altitude  may  be  computed  by  means  of  the  perfect  gas 
law  and  the  hydrostatic  equation. 
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Several  types  of  pressure  instruments  are  under  development.  The 
most  promising  pressure  sensor  is  a  hypsometric  device  similar  in 
design  to  the  high-altitude  balloon-borne  hypsometric  pressure  gauge 
developed  by  Signal  Corps  Research  and  Development  Laboratories.  The 
standard  radiosonde  hypsometric  pressure  measurement  device  presently 
in  use  is  accurate  only  at  balloon  altitude;  in  fact,  there  is  some  question 
of  accuracy  at  balloon  altitudes  greater  than  130,000  feet. 

Tentative  plans  have  been  discussed  relative  to  setting  up  a  10-station 
meteorological  rocketsonde  network  in  North  America.  Present  plans 
call  for  the  Areas  to  be  fired  on  a  seasonal  basis  at  4  stations  in  North 
America  beginning  January  1960.  The  stations  that  are  authorized  are 
White  Sands  Missile  Range,  N.  Mex.;  Point  Magu,  Calif.;  Fort  Churchill,  1 
Man,,  Canada;  and  Wallops  Island,  Va.  A  series  of  30  Areas  rockets  will 
be  fired  at  each  of  the  above  stations  in  January,  April,  July,  and  October.  ' 
At  present,  only  wind  speed  and  direction  and  temperature  will  be  meas-  | 
ured.  However,  it  is  hoped  that  in  later  rocketsondes  pressure  measure-  , 
ments  will  be  made.  The  above  program  is  primarily  supported  by  funds 
supplied  by  the  Signal  Corps  Missile  Geophysics  Support  Group  based  at  -| 
the  White  Sands  Missile  Range,  N.  Mex.  While  the  above  network  is  ^ 
being  carried  out  by  the  White  Sands  Signal  Corps,  similar  programs  are  ! 
being  instituted  by  the  Air  Force  Research  Center  at  Cape  Canaveral, 
Fla.,  and  by  the  Signal  Corps  Research  and  Development  Laboratories  at 
Fort  Greeley,  Alaska,  and  Cape  Canaveral,  Fla. 

The  Cambridge  Research  Center  firings  are  using  a  modified  nose  f 
cone  for  measuring  atmospheric  density  by  means  of  a  falling  sphere.  | 
The  payload  for  this  series  of  flights  consists  of  a  1-m. -diameter  Mylar  | 
balloon  packaged  in  a  40-cu.-inch  cylinder  welded  into  the  Areas  nose  / 

cone.  The  parachute  section  of  the  basic  rocketsonde  system  is  eliminat-  | 

ed,  and  the  nose  cone  is  mounted  directly  onto  the  rocket  motor  case. 
Separation  of  the  package  is  accomplished  by  a  modified  Areas  separation 
device.  Sufficient  air  is  entrapped  in  the  cylinder,  which  is  sealed  at  sea 
level,  to  blow  the  end  closure  from  the  container  and  eject  the  balloon 
at  high  altitudes.  The  balloon  is  then  inflated  by  means  of  a  small  - 

amount  of  isopentane.  Tests  of  the  system  have  been  successful,  and 
a  maximum  altitude  of  260,000  feet  has  been  achieved. 

The  Signal  Corps  Areas  firings  at  Fort  Greeley,  Alaska,  and  Cape  ' 

Canaveral,  Fla.  will  use  the  modified  AN/DMQ-6  in  the  nose-cone  in-  | 

strumentation  package  and  the  GMD-2  as  the  ground  set.  The  2  meteoro¬ 
logical  parameters  that  will  be  measured  at  Fort  Greeley  and  Cape  / 
Canaveral  are  temperature  and  wind  velocity.  j 

The  Ballistic  Research  Laboratories  are  interested  in  the  Areas  I 

rocketsonde  for  stratospheric  research,  primarily  to  measure  water  ' 

vapor,  atomic  oxygen,  and  other  atmospheric  constituents  as  shown  in  ^ 

FIG  URE  4.  J 

F  iG  UR  E  5  shows  the  results  of  high-altitude  balloon  flights  made  . 
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horizon  project.  The  most  significant  piece  of  information  to  be  obtained  I 
from  FIGURES  is  the  thirty-eightfold  increase  at  Fort  Churchill  in  water- 
vapor  mixing  ratio  between  the  tropopause  and  the  top  of  the  flight,  and 
a  sixfold  increase  at  Fort  Monmouth. 

At  present,  my  associates  and  I  are  redesigning  the  dew-point  hygro¬ 
meter  for  use  in  the  Areas  rocketsonde.  We  expect  to  save  weight  and 
also  gain  in  power  efficiency  by  using  a  Peltier  device  for  cooling  the  ] 
mirror  face  in  lieu  of  the  conventional  dry  ice-alcohol  cold  box.  If  suc¬ 
cessful  in  the  redesign  of  the  hygrometer,  we  should  be  able  then  to 
measure  the  water  vapor  profile  to  200,000  feet  or,  at  least,  to  the  altitude 
where  water  vapor  is  diminished  to  an  insignificant  amount.  Thus  we 
should  be  able  to  determine  experimentally  where  the  curve  of  the  number 
density  or  absolute  amount  of  water  vapor  as  shown  in  figure  4  bends  | 
back  toward  lower  values. 

In  addition  to  water  vapor  measurements  by  means  of  a  balloon-borne 
dew-point  hygrometer,  the  Ballistic  Research  Laboratories  has  been  | 
successful  in  determining  the  number  density  of  atomic  oxygen  at  balloon  | 
altitudes  of  approximately  125,000  feet.  The  above  density  measurement  i 
was  accomplished  by  measuring  the  recombination  rate  of  atomic  oxygen  » 
by  means  of  a  nickel-coated  surface.  The  nickel  surface  acts  as  third 
body  in  the  recombination  of  2  oxygen  atoms  in  forming  molecular  oxygen.  | 
At  the  same  time  this  recombination,  being  exothermic,  gives  off  117,000  j 
calories  for  each  gram  molecular  weight  of  O2  formed.  The  temperature  I 
increase  of  this  reaction  above  the  ambient  temperature  is  an  indicator 
of  the  recombination  rate  or  number  density  of  atomic  oxygen  in  situ 
(figure  6).  The  number  density  computed  from  balloon  flights  using 
the  above  technique  is  in  the  order  of  1.0  by  10^ ^atomic  oxygen  particles 
per  cubic  centimeter  at  125,000  feet  (38  km.).  By  means  of  Areas 
flights,  we  hope  to  determine  experimentally  the  atomic  oxygen  curve  ^ 
shown  in  the  Air  Force  Cambridge  Research  Center  graph  (figure  4) 
to  65  km.  I 

The  above-mentioned  composition  parameters  together  with  measure-  [ 
ments  of  ozone  and  carbon  dioxide  are  considered  to  influence  the 
temperature  structure  of  the  Arctic  stratosphere.  We  know  from  Kochanski 
(1955)  and  Ohring  (1958)  that  there  is  a  variation  of  the  middle  strato¬ 
sphere  temperature  in  the  Arctic,  that  is,  from  -80°  C.  in  December  and 
early  January  to  as  high  as  zero  to  -10°  C.  in  late  June  and  July.  We 
also  see  somewhat  lesser  variation  in  the  Soviet  rocketsonde  profiles  I 
presented  by  E.  G.  Shvidkovskii  (1959).  Here  we  see  the  monthly  temper-  1 
ature  changes  at  Heiss  Island  (Franz  Josef  Land  Archipelago),  where  | 

the  50-km.  temperature  change  between  a  November  1957  flight  and  a  1^ 

January  1958  flight  is  as  great  as  50°  C.  This  is  most  likely  a  mani-  f 
festation  of  the  explosive  warming  that  was  first  noticed  at  25  to  30  km.  | 
over  Germany  in  1951  by  Scherhag.  On  further  consulting  Ohring  (1958),  I 
Dobson  (1946),  Craig  (1949,  1950  and  1957),  Elsasser  (1942),  and  Palmer  | 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


283 


FIGURE  6.  Vertical  distribution  of  atomic  oxygen. 

(1959),  we  suggest  that,  in  addition  to  the  cutoff  of  solar  radiation  across 
the  polar  night,  a  substantial  fraction  of  the  temperature  variation  in  the 
Arctic  stratosphere  is  due  to  varying  amounts  of  water  vapor  and  ozone 
which,  in  turn,  have  an  effect  on  the  net  gain  or  loss  of  infrared  radiation- 
al  energy  in  the  Arctic  stratosphere. 
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COXh'EREXCIiS  HELD 

SECTIOX  OF  BIOLOGICAL  AXD  MEDICAL  SCIEXCES 

CONNECTIVE  TISSUE  AND  DISEASES 
OF  CONNECTIVE  TISSUE 


Thursday,  lanuary  7  and 
Friday,  January  8,  1960 


Conference  Chairman:  Bernard  M.  Wagner 
University  of  Washington  School  of  Medicine 
Seattle,  Wash. 


THURSDAY,  JANUARY  7,  1960 

Session  Chairman:  Jerome  Gross 
Harvard  Medical  School 
Boston,  Mass. 


9.00 

Greetings  from  the  Academy  -  Robert  L.  Kroc,  Chairman,  Section  of 
Biological  and  Medical  Sciences,  The  New  York  Academy  of  Sciences, 
New  York,  N.  Y. ;  Warner-Lambert  Research  Institute,  Morris  Plains,  N.  J. 

Opening  Remarks  -  Bernard  M.  Wagner,  University  of  Washington,  Seattle, 
Wash. 

“Recent  Studies  in  Protein  Fibrogenesis”  -  David  F.  Waugh,  Massachu¬ 
setts  Institute  of  Technology,  Boston,  Mass. 

“Production  of  Mucopolysaccharides  in  Tissue  Culture”  -  Charles 
Morris  and  Gabriel  C.  Godman,  Columbia  University  College  of  Physicians 
and  Surgeons,  New  York,  N.  Y. 

“The  Use  of  the  Diffusion  Chamber  in  Experimental  Silicosis”  -  Robert 
C.  Curran,  St.  Thomas’s  Hospital  Medical  School,  London,  England. 

“Effect  of  Papain  on  Chondroitin  Sulfate”  -  Robert  T.  McCluskey,  New 
York  University,  New  York,  N.  Y. 

“The  Chemistry  of  Wound  Healing”  -  David  Jackson  and  J.  E.  Dunphy, 
University  of  Oregon,  Portland,  Ore. 
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Session  Chairman:  T.  N.  Harris 
University  of  Pennsylvania 
Philadelphia,  Pa. 


2:00  P.M.- 

“Cellular  Basis  of  Antibody  Formation"  -  S.  Harris  and  T.  N.  Harris, 
University  of  Pennsylvania,  Philadelphia,  Pa. 

‘‘High  Molecular  Weight  Antibodies"  -  Henry  G.  Kunkel,  The  Rockefeller 
Institute,  New  York,  N.  Y. 

‘‘The  Concept  of  Autoantibodies  in  Rheumatic  Fever"  -  Melvin  H. 
Kaplan,  Western  Reserve  University,  Cleveland,  Ohio. 

‘‘The  Aschoff  Body  in  Rheumatic  Fever"  -  Bernard  M.  Wagner,  Uni¬ 
versity  of  Washington,  Seattle,  Wash. 

‘‘Immunopathology  of  Hypersensitivity"  -  Jacinto  J.  Vazquez,  University 
of  Pittsburgh,  Pittsburgh,  Pa. 


FRIDAY,  JANUARY  8,  1960 

Session  Chairman:  William  E.  Ehrich 
Graduate  School  of  Medicine 
University  of  Pennsylvania,  Philadelphia,  Pa. 


9:00  A.M.- 

“Amyloidosis:  Clinical,  Chemical,  and  Experimental  Studies"  -  Evan 
Calkins,  Alan  S.  Cohen,  and  Borge  Larson,  Massachusetts  General 
Hospital,  Boston,  Mass. 

“Electron  Microscopic  Studies  of  the  Glomerulus  in  the  Collagen  Dis¬ 
eases"  -  Ben  H.  Spargo,  University  of  Chicago,  Chicago,  Ill. 

“Reactions  to  Homologous  and  Heterologous  Fibrin  Implants  in  Ex¬ 
perimental  Animals"  -  L.  E.  Glynn,  Juvenile  Rheumatism  Research 
Unit,  Taplow,  Maidenhead,  England. 

“Parenchymal  Fibrogenesis:  The  Liver"  -  Hans  Popper,  Mount  Sinai 
Hospital,  New  York,  N.  Y. 

“Immunochemical  and  Immunoelectrophoretic  Studies  of  Patients  with 
Agammaglobulinemia  and  Hypogammaglobulinemia  -  Occurrence  of  Con¬ 
nective  Tissue  Disease"  -  R.  Bridges  and  R.  A.  Good,  University  of 
Minnesota,  Minneapolis,  Minn. 


286 


TRANSACTIONS 


Session  Chairman:  Charles  Ragan 
Columbia  University  College  of  Physicians  and  Surgeons 
New  York,  N.  Y. 

2:00  P.M.- 

“Genetic  Aspects  of  Connective  Tissue  Disease”  -  Victor  A.  McKusick, 
Johns  Hopkins  University,  Baltimore,  Md. 

‘‘Adrenal  Cortical  Function  in  Rheumatic  Disease”  -  Vincent  C.  Kelley, 
University  of  Washington,  Seattle,  Wash. 

‘‘A  Rational  Approach  to  Therapy  of  Rheumatic  Disease”  -  Joseph  L. 
Hollander,  University  of  Pennsylvania,  Philadelphia,  Pa. 


Panel  Discussion 
To  Summarize  the  Conference 
SESSION  CHAIRMEN  AND  SPEAKERS 


Robert  L.  Kroc 
Chairman 


Charles  Noback 
V  ice-Chairman 


t 


SECTION  OF  BIOLOGICAL  AND  MEDICAL  SCIENCES 
AND  DIVISION  OF  MYCOLOGY 

SECOND  CONFERENCE  ON  MEDICAL  MYCOLOGY 


Monday,  January  11  and 
Tuesday,  January  12,  1960 


Conference  Chairman:  Chester  W.  Emmons 
National  Institutes  of  Health,  Public  Health  Service 
Bethesda,  Md. 


MONDAY,  JANUARY  11,  1960 


Session  Chairman:  Karl  Maramorosch 
The  Rockefeller  Institute 
New  York,  N.  Y. 

GENERAL,  NEW,  AND  EXPERIMENTAL  MYCOSES 
9:00  A.M.  - 

Greetings  from  the  Academy  —  Robert  L.  Kroc,  Chairman,  Section  of  Bio¬ 
logical  and  Medical  Sciences,  The  New  York  Academy  of  Sciences,  New 
York,  N.  Y.;  Warner-Lambert  Research  Institute,  Morris  Plains,  N.  J. 

Introductory  Remarks  —  Karl  Maramorosch,  Chairman,  Division  of  Mycol¬ 
ogy,  The  New  York  Academy  of  Sciences,  New  York,  N,  Y.;  The  Rocke¬ 
feller  Institute,  New  York,  N.  Y. 

“Phycomycoses”  —  Lie-Kian-Joe,  University  of  Indonesia,  Djakarta, 
Indonesia. 

“Growth  Characteristics  of  the  Fungi  of  Chromoblastomycosis”  — 
Margarita  Silva,  Columbia  University  College  of  Physicians  and  Surgeons, 
New  York,  N.  Y. 

“Geographic  Occurrence  and  Distribution  of  Mycoses”  —  Libero  Ajello, 
Communicable  Disease  Center,  Chamblee,  Ga. 

“The  Effects  of  Cortisone  on  Experimental  Mycoses”  —  Donald  Louria, 
The  New  York  Hospital-Cornell  Medical  Center,  New  York,  N.  Y. 

“Experimental  Dermatophytosis”  —  Albert  M.  Kligman,  University  of 
Pennsylvania  Medical  School,  Philadelphia,  Pa. 
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“Pathogenesis  of  ‘Epidemic”  Histoplasmosis”  —  Jan  Schwarz,  Jewish 
Hospital,  Cincinnati,  Ohio. 


Session  Chairman:  J  an  Schwarz 
Jewish  Hospital 
Cincinnati,  Ohio 

EPIDEMIOLOGY,  BIOCHEMISTRY,  AND  PHYSIOLOGY 
2:00  P.M.  - 

“The  Occurrence  of  Candida  and  Yeasts  in  the  Intestinal  Tracts  of 
Animals”  —  N.  van  Uden,  Instituto  Botanico,  Faculdade  de  Ciencias, 
Lisbon,  Portugal. 

“The  Epidemiology  of  Dermatophytosis”  —  Lucille  George,  Communicable 
Disease  Center,  Chamblee,  Ga. 

“Histoplasmosis”  —  Howard  W.  Larsh,  University  of  Oklahoma,  Norman, 
Okla. 

“Cryptococcosis”  —  Chester  W.  Emmons,  National  Institute  of  Allergy 
and  Infectious  Diseases,  Public  Health  Service,  Bethesda,  Md. 

“Physiology  of  Coccidioides  immitis”  —  George  W.  Lones,  National 
Institute  of  Allergy  and  Infectious  Diseases,  Public  Health  Service, 
Bethesda,  Md. 

“Approaches  to  the  Physiology  of  Coccidioides  immitis"  —  Demosthenes 
Pappagianis,  University  of  California,  Oakland,  Calif. 

“Mechanisms  of  Action  of  Antibiotics”  —  S.  Gaylen  Bradley,  University 
of  Minnesota,  Minneapolis,  Minn. 


TUESDAY,  JANUARY  12,  1960 

Session  Chairman:  Albert  M.  Kligman 
University  of  Pennsylvania  Medical  School 
Philadelphia,  Pa. 

IMMUNOLOGY  OF  MYCOSES 

9:00  A.M.  - 

“Some  Aspects  of  the  Mode  of  Action  of  Antifungal  Antibiotics”  —  E. 
Drouhet,  Institut  Pasteur,  Paris,  France. 

“Experimental  Cryptococcosis”  —  Herbert  F.  Hasenclever,  National 
Institute  of  Allergy  and  Infectious  Diseases,  Public  Health  Service, 
Bethesda,  Md. 
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“The  Accuracy  of  Serologic  Methods  of  Diagnosis”  — Charlotte  Campbell, 
Walter  Reed  Medical  Center,  Washington,  D.  C. 

“The  Question  of  Immunity  in  Ringworm  Infections”  — Lorraine  Friedman, 
Tulane  University,  New  Orleans,  La. 

“The  Capsule  of  Cryptococcus  and  Its  Reaction  with  Antibody”  —  E. 
Edward  Evans,  University  of  Alabama  Medical  Center,  Birmingham,  Ala. 

“Antigens  of  Blastomyces*’  —  Stanley  Marcus,  University  of  Utah,  Salt 
Lake  City,  Utah. 


Session  Chairman:  Howard  W.  Larsh 
University  of  Oklahoma 
Norman,  Okla. 

THERAPY 

2:00  P.M.  - 

“Experience  with  Amphotericin  B”  —  John  H.  Seabury,  Louisiana  State 
University  School  of  Medicine,  New  Orleans,  La. 

“Experience  with  Amphotericin  B  and  Pimaricin”  —  Victor  D.  Newcomer, 
University  of  California  Medical  Center,  Los  Angeles,  Calif. 

“Griseofulvin”  —  Frank  Roth,  University  of  Miami  Medical  School,  Miami, 
Fla. 

“Griseofulvin  in  Systemic  Mycoses”—  Antonio  Gonzales  Ochoa,  Instituto 
de  Salubridad  y  Enfermedades  Tropicales,  Mexico  City,  D.F.,  Mexico. 

“Nystatin”  —  Elizabeth  Hazen  and  Rachel  Brown,  New  York  State  Health 
Department,  Albany,  N.  Y. 

“Tennecetin”  —  Ashton  Welch,  Cincinnati,  Ohio. 


SECTION  OF  BIOLOGICAL  AND  MEDICAL  SCIENCES 


Robert  L.  Kroc 
Chairman 


Charles  Noback 
V  ice-Chairman 


Karl  Maramorosch 
Chairman 


DIVISION  OF  MYCOLOGY 


Emanuel  Grunberg 
Vice-Chairman 


NEW  MEMBERS 


Elected  January  28,  1960 
LIFE  MEMBERSHIP 

Auditore,  Joseph  Vincent,  Ph.D.,  Medical  Research.  Instructor,  Pharmacology, 
Vanderbilt  University,  Nashville,  Tenn. 

Dodds,  Wayne  S.,  Ph.D.,  Chemical  Engineering.  Laboratory  Director,  General 
Foods  Research  Center,  Tarrytown,  N,  Y. 

Thrasner,  George  W.,  Ph.D.,  Animal  Nutrition.  Research  Animal  Nutritionist, 
Commercial  Solvents  Corporation,  Terre  Haute,  Ind. 


SUSTAINING  MEMBERSHIP 

Holzworth,  Dorothy  C.,  M.D.,  Bacteriology.  Anesthesiology  Staff,  Maryland  Gen¬ 
eral  Hospital,  Baltimore,  Md. 


ACTIVE  MEMBERSHIP 

Acree,  William  B.,  M.D.,  Medicine.  Private  Practice,  Ridgely,  Tenn. 

Ammon,  Robert,  Ph.D.,  Enzymes.  Direktor  des  Physiologisch-Chemischen  Insti¬ 
tute  der  Universitat  des  Saarlandes,  Homburg-Saar,  Germany. 

Ang,  Manuel,  M.D.,  Circulation  and  Respiration.  Research  Fellowship,  State 
University  of  New  York,  Brooklyn,  N.  Y. 

Antonowich,  Fred,  M.D.,  Surgery.  Surgical  Resident,  Grasslands  Hospital, 
Valhalla,  N.  Y. 

Apostol,  Romeo  Retes,  M.D.,  Neurology  and  Neurochemistry.  Assistant  Professor, 
Neurology,  University  of  the  Philippines  College  of  Medicine,  Manila, 
Philippines. 

Ashworth,  C.  T.,  M.D.,  Pathology.  Professor  and  Chairman,  University  of  Texas, 
Southwestern  Medical  School,  Dallas,  Texas. 

Bacharach,  Martin  M.,  Ph.D.,  Biology.  Assistant  Director,  Nutrition  Research, 
Dawe’s  Laboratories,  Inc.,  Chicago,  Ill. 

Bailey,  W.  S.,  Sc.D.,  Veterinary  Medicine.  Head  Professor,  Department  of  Path¬ 
ology  and  Parasitology,  Auburn  University,  Auburn,  Ala. 

Barkin,  Stanley  M.,  Ph.D.,  Physical  Polymer  Chemistry.  Research  Chemist, 
Ethicon  Inc..  Somerville,  N.  J. 

Barlow,  Joan,  M.N.,  Medicine.  Editor,  Squibb  Nurse  Notes,  New  York,  N.  Y. 

Barnhart,  Marion  I.,  Ph.D.,  Cellular  Physiology.  Associate  Professor,  Wayne 
State  University,  College  of  Medicine,  Detroit,  Mich. 

Belle,  Martin  S.,  M.D.,  Cardiovascular  Diseases.  Assistant  Clinical  Professor  of 
Medicine,  University  of  Miami  Medical  School,  Miami,  Fla. 

Bengtson,  John  W.,  B.Sc. ,  Internal  Medicine.  Lincoln  Clinic,  Lincoln,  Nebr. 

Benjamin,  Harry,  M.D.,  Gerontology.  Private  Practice,  New  York,  N.  Y. 

Berman,  David,  M.D.,  Medicine.  Private  Practice,  Charlestown,  Mass. 

Black,  Boyd  K.,  M.D.,  Pathology.  Director  of  Laboratories,  Good  Samaritan 
Hospital,  Vincennes,  Ind. 

Blaker,  Robert  G.,  Ph.D.,  Medical  Microbiology.  Instructor,  Woman’s  Medical 
College  of  Pennsylvania,  Philadelphia,  Pa. 

Blosen,  Rosemarie,  M.D.,  Anesthesiology.  Private  Practice,  Waterloo,  Iowa. 
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Blumenfeld,  Margaret,  M.D.,  Anesthesiology.  Assistant  Professor,  State  Univer¬ 
sity  of  New  York,  College  of  Medicine,  Brooklyn,  N.  Y. 

Blye,  Richard  Perry,  Ph.D.,  Endocrinology  of  Reproduction.  Associate  Scientist, 
Ortho  Research  Foundation,  Raritan,  N.  J. 

Bobb,  Yvonne  Dolores,  Ph.D.,  Immunology.  Research  Associate,  Palo  Alto 
Medical  Research  Foundation,  Palo  Alto,  Calif. 

Bock,  Fred  G.,  Ph.D.,  Biochemistry.  Associate  Cancer  Research  Scientist, 
Roswell  Park  Memorial  Institute,  Springville,  N.  Y. 

Bodi,  Tibor,  M.D.,  Clinical  Pharmacology.  Associate  in  Medicine,  Department  of 
Medicine,  Hahnemann  Medical  College  and  Hospital,  Philadelphia,  Pa. 

Bogedain,  William,  M.D.,  Chest  Surgery.  Thoracic  Surgeon,  Timken  Mercy  Hospital, 
Canton,  Ohio. 

Bois,  Gilles,  D.C.,  Anatomy.  Chiropractor,  Private  Practice,  Montreal,  Que., 
Canada. 

Borchardt,  Paul  R.,  M.D.,  Medicine  and  Biology.  Private  Practice,  Bronx,  N.  Y. 

Bomstein,  Bernard,  M.D.,  Neurology.  Associate  Clinical  Professor,  Hebrew 
University,  Jerusalem,  IsraeL 

Boschetti,  Armando,  B.S.,  Pharmaceutical  Research.  Assistant  Director  of 
Research,  SchenLabs  Pharmaceuticals  Inc.,  New  York,  N.  Y. 

Box,  Harold  C.,  Ph.D.,  Physics.  Research  Scientist,  Roswell  Park  Memorial 
Institute,  Buffalo,  N.  Y. 

Brahen,  Leonard  S.,  Ph.D.,  Medicine.  Associate  Director,  Clinical  Research, 
Chas.  Pfizer  fit  Co.,  Brox>klyn,  N.  Y. 

Brest,  Albert  N,,  M.D.,  Internal  Medicine.  Instructor,  Hahnemann  Medical  College, 
Philadelphia,  Pa. 

Brown,  Eric  R.,  Ph.D.,  Immunochemistry.  Associate  Research  Scientist,  Chas. 
Pfizer  6i  Co.,  Terre  Haute,  Ind. 

Buddecke,  Echart,  M.D.,  Biochemistry  of  Connective  Tissue.  Research  Fellow, 
Bellevue  Medical  Center,  New  York,  N.  Y. 

Bunag,  Ruben  D.,  M.D.,  Pharmacodynamics,  Associate  Professor,  Pharmacology, 
UE-RM  Memorial  Medical  Center,  Quezon  City,  Philippines. 

Bush,  Milton  T.,  Ph.D.,  Pharmacology.  Associate  Professor,  Pharmacology, 
Vanderbilt  University  School  of  Medicine,  Nashville,  Tenn. 

Callen,  Irwin  R.,  M.D.,  Internal  Medicine.  Attending  Physician,  Cook  County 
Hospital,  Chicago,  IlL 

Campean,  Basil,  M.D.,  Psychiatry.  New  York  State  Diagnostic  Center,  Menlo 
Park,  N.  J. 

Carter,  Kenneth,  M.R.C.S.,  Medicine.  Vice-President  in  charge  of  Medical  and 
Research  Affairs,  Ames  Company  Inc.,  Elkhart,  Ind. 

Carton,  Edwin  B.,  Ph.D.,  Organic  Chemistry.  Project  Leader,  Scott  Paper  Co., 
Chester,  Pa. 

Carvajal-Sandoval  Guillermo,  Quimico  Biologo.  Professor  of  Biochemistry, 
Nacional  De  Cinncias  Biologicas,  Mexico,  D.  F.,  Mexico. 

Cassidy,  Joseph  Daniel,  B.S.,  Physiology  and  Physiological  Genetics.  Instructor, 
Botany  and  Zoology,  Aquinas  College,  Columbus,  Ohio. 

Casten,  Daniel  F.,  M.D.,  General  Surgery.  Attending  Surgeon,  St.  Clare’s  Hospi¬ 
tal,  New  York,  N.  Y. 

Causey,  Paul  S.,  M.D.,  Medicine.  Private  Practice  Anesthesia,  Phoenix,  Ariz. 

Cavalli,  Giancarlo,  M.D.,  Desoxyribonucleic  Acid.  Assistant  at  the  Medical 
Clinic,  University  of  Bologna,  Bologna,  Italy. 

Chang,  Shiu-Sig,  B.S.,  Dermatology.  Medical  Officer,  Skin  Clinic,  Medical  De¬ 
partment,  Hong  Kong. 

Chasmar,  Leslie  R.,  M.D.,  Plastic  Surgery.  Clinical  Assistant,  University  of 
Saskatchewan,  Saskatoon,  Canada. 
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Chen,  Ronald  Walter,  Ph.D.,  Biochemistry.  Veterans  Administration  Hospital,  I 
Durham,  N.C.  I 

Child,  Frank  M.,  Ph.D,,  Cellular  Physiology.  Instructor,  Zoology,  University  of  .  * 
Chicago,  Chicago,  Ill. 

Clay,  Landon  T.,  A.B.,  Anthropology.  Industry  Specialist,  Massachusetts  Inves* 
tors  Trust,  Boston,  Mass. 

Clement,  David,  M.D.,  Internal  Medicine.  Staff  Member,  Potsdam  Hospital,  Pots¬ 
dam,  N.  Y. 

Clymer,  Robert  H.,  Jr.,  M.D.,  Medicine.  Associate  Urology,  Reading  Hospital, 
Reading,  Pa. 

Coleman,  Everett  Porter,  M.D.,  Surgery.  Chief  of  Staff,  Graham  Hospital,  Canton,  f 


IlL 

Colokathis,  Paul,  M.D.,  Orthopedic  Surgery.  Senior  Orthopedic  Surgeon,  Elliot 
Hospital,  Manchester,  N.  H. 

Corey,  Harold,  M.S.,  Physical  Chemistry.  Assistant  Scientist,  Ethicon  Inc., 
Somerville,  N.  J.  j 

Corssen,  Gunter,  M.D.,  Anesthesiology.  Assistant  Professor,  Anesthesiology,  I 
University  of  Texas  Medical  Branch,  Galveston,  Texas. 

Coxe,  L.  F.,  M.D.,  Medical.  Practicing  Physician,  Panama  City,  Fla. 

Crawford,  Charles  M.,  M.S.,  Wine  and  Grape  Products.  Research,  E.  J.  Gallo 
Winery,  Modesto,  Calif. 

Cunningh^n^i  George  John,  M.D.,  Cancer  of  Liver.  Professor,  Pathology,  Royal 
College  of  Surgeons,  London,  England.  j 

Cutler,  John  L.,  M.D.,  Immunology.  Research  Fellow,  New  England  Institute  for  I 
Medical  Research,  Ridgefield,  Conn. 

Dacres,  William  G.,  Ph.D.,  Bacteriology  and  Virology.  Professor  of  Bacteriology, 
Auburn  University,  Auburn,  Ala. 

Darlington,  Charles  J.,  A.M.,  Organic  Chemistry.  Retired,  Woodstown,  N.  J. 

Decker,  Barry,  M.D.,  Rheumatology.  Instructor  in  Medicine  and  Director,  Connec¬ 
tive  Tissue  Study  Group,  Medical  College  of  Virginia,  Richmond,  Va. 

deLorenzo,  A.  J.,  M.D.,  Cytology.  Assistant  Professor,  Johns  Hopkins  Medical 
School,  Baltimore,  Md. 

Densen,  Paul  M.,  D.Sc.,  Public  Health  and  Medical  Statistics.  Deputy  Commis¬ 
sioner  of  Health,  New  York,  N.  Y. 

Denson,  fudson  Samuel,  M.D.,  Anesthesiology.  Director  of  Anesthesia,  Los 
Angeles,  Calif. 

Oe  Stefano,  Victor  J.,  M.D.,  Anesthesiology.  Anesthesiologist,  Farmingdale,  N.Y. 


Oidamo,  Cauline,  6.A.,  Psychopharmacology.  Research  Assistant,  E.  R,  Squibb 
Sons,  tfew  Brunswick,  N.  5> 

Oimond,  Marie  Therese,  Ph.D.,  Physiology.  Associate  Professor  of  Biology, 
Trinity  College,  Washington,  D.C. 

Di  Salvo,  Philip  A.,  D.O. ,  Medicine.  Private  Practice,  Fair  Lawn,  N.  J. 

Dolivo,  Michel,  M.D.,  Neurophysiology.  Professor,  Head  of  Pharmacology, 
University  of  Lausanne,  Lausanne,  Switzerland. 

Oonnenfeld, Robert  S.,  M.D.,  Anesthesiology.  Mid^sland  Hospital,  Bethpage,  N.  Y, 

doe  Remedios,  C^onardo  V.,  M.D,,  Biology.  Staff  Pediatrician,  Kaiser  Founda¬ 
tion  Hospital,  Oakland,  Calif. 

Doub,  Leonard,  B.S.,  Chemistry.  Research  Leader  in  Organic  Chemistry,  Parke 
Davis  Research  Laboratories,  Ann  Arbor,  Mich. 

Draper,  John  W.,  M.D.,  Surgery.  Associate  Professor,  Surgery,  Cornell  University 
Medical  School,  New  York,  N.  Y. 

Dunbar,  Edward  S.,  B.S.,  Public  Health  and  Bacteriology.  Bacteriologist,  Naval 
Biological  Laboratory,  Naval  Supply  Center,  Oakland,  Calif. 
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Eckweiler,  Howard  J.,  Ph.D.,  Optometry.  General  Manager,  The  Lyle  Company, 
Manh  asset,  N.  Y. 

Edgington,  Thomas  Scott,  M.D.,  Pathology.  Resident,  University  of  California 
Medical  Center,  Los  Angeles,  Calif. 

Edlinger,  Ewald  Alois,  M.D.,  Virology.  Professor  and  Director,  Institute  of 
Virology  of  the  Faculty  of  Medicine,  Humboldt-University,  Berlin,  Germany. 

ESirmann,  Robert  L.,  M.D.,  The  Study  of  Endometrial  Explant  Behavior  in  Tissue 
Culture.  Assistant  Pathologist,  The  Free  Hospital  for  Women,  Brookline,  Mass. 

Esquivel,  Jorge  Garcia,  M.D.,  Dermatology.  Dermatologist,  Institute  de  Sabubridad 
y  Enfemedades  Tropicales,  Mexico,  D.F.,  Mexico. 

Fabrykant,  Maximilian,  M.D.,  Biochemistry.  Assistant  Professor  of  Medicine, 
New  York  University  Post-Graduate  Medical  School,  New  York,  N.  Y. 

Falkmer,  Sture,  M.D.,  Experimental  Diabetes  Research.  Associate  Professor  of 
Pathology,  University  of  Uppsala,  Uppsala,  Sweden. 

Farber,  Theodore  Myles,  B.S.,  Biological  Sciences.  Graduate  Student,  Department 
of  Pharmacology,  Medical  College  of  Virginia,  Richmond,  Va. 

Feldman,  Joel,  M.D.,  Internal  Medicine.  Attending  Physician,  Monmouth  Medical 
Center,  Long  Branch,  N.  J. 

Fine,  Jerome  Louis,  M.A.,  Psychology.  Research  Assistant,  Safety  Research  and 
Education  Project,  Columbia  University,  New  York,  N.  Y. 

Fleischmajer,  Raul,  M.D.,  Dermatology.  Student  Course  740-A  for  Foreign  Trained 
Physicians,  New  York  University,  New  Yoric,  N.  Y. 

Foley,  John  D.,  B.A.,  Psychology.  Private  Practice,  Minneapolis,  Minn. 

Pouts,  James  R.,  Ph.D.,  Biochemical  Pharmacology.  Assistant  Professor,  College 
of  Medicine,  State  University  of  Iowa,  Iowa  City,  Iowa. 

Friedman,  Daniel,  B.A.,  Development.  Research  Assistant,  Biology  Department, 
New  York  University,  New  York,  N.  Y. 

First,  Arthur,  Ph.D.,  Medicinal  Chemistry.  Professor  of  Medicinal  Chemistry, 
Stanford  University,  Stanford,  Calif. 

Gale,  Nathan  B.,  D.V.M.,  Veterinary.  Public  Health,  Balboa  Heights,  Canal 
Zone,  Panama. 

Gambarin,  Augusto,  Ph.D.,  Psychology.  Professor  of  Clinical  Psychology,  Rome, 
Italy. 

Gardner,  Richard  Edward,  M.D.,  Homotransplantation.  Assistant  Professor  of 
Surgery,  University  of  California  Medical  School,  San  Francisco,  Calif. 

Gebhardt,  Louis  P.,  Ph.D.,  Virology.  Professor,  Department  of  Bacteriology, 
University  of  Utah,  Salt  Lake  City,  Utah. 

Geer,  Francis  G.,  M.D.,  Medicine.  Associate  Attending  Physician,  St.  Luke’s 
Hospital,  New  York,  N.  Y. 

Gerber,  Clifford  F.,  M.S.,  Biochemistry.  Pharmaceutical  Research  Chemist, 
Chas.  Pfizer  &  Co.,  Brooklyn,  N.  Y. 

German,  Charles  Alexander,  M.D.  Staff-Member  of  The  American  British  Cowdray 
Hospital,  Mexico,  D.  F.,  Mexico. 

Goldstein,  Eli,  M.D.,  Internal  Medicine.  Associate  Professor  of  Medicine,  New 
York  Medical  College,  New  York,  N.  Y. 

Graupner,  Robert  D.,  M.D.,  Physiology.  Medical  Department,  CIBA  Pharmaceutical 
Products  Inc.,  Summit,  N.  J.  , 

Guittard,  Jean  Francois,  Chirurgien-Dentiste,  Biology.  Clinique  Ecole  Odonto- 
logique,  Paris,  France. 

Haining,  Robert  G.,  M.D.,  Internal  Medicine.  Lahey  Clinic,  Boston,  Mass. 

Hall,  Michael  Clement,  B.Sc.,  Connective  Tissue.  Lecturer,  Department  of 
Anatomy,  University  of  Toronto,  Toronto,  Ont.,  Canada. 

Halpem,  Bruce  Peter,  Ph.D.,  Physiological  Psychology.  Visiting  Fellow,  Physi¬ 
ology  Department,  New  York  State  Veterinary  College,  Ithaca,  N,  Y. 
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Hampton,  James  Wilburn,  M.D.,  Hematology.  Research  Trainee,  University  of  j 
Oklahoma,  Oklahoma  City,  Okla. 

Hanford,  William  E.,  Ph.D.,  Organic  Chemistry.  Vice-President  for  Research,  ) 
Olin-Mathieson  Chemical  Corp.,  New  York,  N.  Y. 

Hanngren,  Ake,  M.D.,  Chest  Diseases.  Instructor,  Karolinska  Hospital,  Stockholm, 
Sweden. 

Harding,  Homer  R.,  Ph.D.,  Cancer  and  Endocrine  Physiology.  Postdoctoral  Fellow 
in  Cancer  Research,  Roswell  Park  Memorial  Institute,  Buffalo,  N.  Y. 

Hassler,  Frank  Stanley,  M.D.,  Gynecology.  Assistant,  Delaware  Hospital,  Wil¬ 
mington,  Del.  ) 

Hazard,  Thomas  P.,  B.S.,  Cultural  Anthropology.  Instructor,  Montana  State  Uni¬ 
versity,  Missoula,  Mont. 

Hewat,  William  A.,  M.D,,  Cardiology.  Member  of  Staff,  Fishermen's  Memorial 
Hospital,  Lunenburg,  Nova  Scotia,  Canada. 

Hines,  James  Edward,  Jr.,  M.D.,  Internal  Medicine.  Private  Practice,  Alexandria, 

La.  ' 

Hoff,  Edwin  J.,  D.V.M.,  Laboratory  Animal  Medicine  and  Surgery.  Department  of  f 
Pathology,  Sobering  Corp.,  Bloomfield,  N.  J. 

Houssay,  Alberto  B.,  M.D.,  Endocrinology.  Director  del  Centre  de  Endocrinologia, 
University  of  Buenos  Aires,  Buenos  Aires,  Argentina. 

Johnson,  David  O.,  B.S.,  Entomology.  Vice-President,  Gardner  International 
Corp.,  Pompano  Beach,  Fla. 

Jonas,  Salo,  D.V.M.,  Veterinary  Medicine.  Private  Practice,  New  Haven,  Conn. 

Juszkiewicz,  Teodor,  Ph.D.,  Pharmacology.  Head,  Department  of  Experimental  ^ 
Pharmacology  and  Toxicology,  Polish  Veterinary  Institute,  Pulawy,  Poland. 

Kalnins,  Zelma  A.,  M.D.,  Exfoliative  Cytology.  Instructor  in  Pathology,  Bowman 
Gray  Medical  School,  Winston-Salem,  N.C. 

Kaplan,  Ruth,  M.A.,  Experimental  Pathology.  Research  Associate,  Columbia 
University  Research  Service,  Goldwater  Memorial  Hospital,  Welfare  Island, 

N.  Y. 

Katsoyannis,  Panayotis  G.,  Ph.D.,  Biochemistry.  Associate  Research  Professor, 
University  of  Pittsburgh,  School  of  Medicine,  Pittsburgh,  Pa.  * 

Keller,  Walter,  Ph.D.,  Biological  and  Medical  Sciences,  Research  Associate,  ^ 
Hyland  Laboratories,  Los  Angeles,  Calif. 

Kelly,  James  J.,  M.D.,  Medicine.  Associate  Medical  Director,  Whitehall  Labora¬ 
tories,  New  York,  N.  Y. 

Keyton,  John  Arthur,  M.D.,  Medicine.  Private  Practice,  Dothan,  Ala. 

Khachadurian,  Avedis  K.,  M.D.,  Biochemistry.  Assistant  Professor,  Biochemistry, 
American  University  of  Beirut,  Beirut,  Lebanon. 

Khedroo,  Lawrence  G.,  M.D.,  Experimental  Acute  Pancreatitis.  Chief  of  Surgery, 
Alexion  Brothers  Hospital,  Chicago,  Ill. 

Kinnard,  William  J.,  Jr.,  Ph.D.,  Pharmacology.  Assistant  Professor  of  Pharma¬ 
cology,  University  of  Pittsburgh,  Pittsburgh,  Pa. 

Kirsch,  Victor,  M.A.,  Biological  Sciences.  Science  Director,  Plainedge,  Long 
Island  Public  Schools,  Great  Neck,  N.  Y. 

Kojima,  Mizu,  M.D.,  Pathology.  Post-Doctoral  Exdiange  Scientist,  New  England  ' 
Institute  for  Medical  Research,  Ridgefield,  Conn. 

Koltuv,  Myron,  B.A.,  Clinical  Psychopathology.  Pre-Doctoral  Research  Fellow,  * 
U.S.P.H.S.  Lecturer,  Himter  College,  New  York,  N.  Y. 

Koukides,  Melpomeni,  M.A.,  Chemical  Embryology.  Junior  Scientist,  Smith,  Kline 
&  French  Laboratories,  Philadelphia,  Pa. 

Kowbuz,  Miro,  B.A.,  Biology  and  Chemistry.  Chemist,  Phelps  Dodge  Corp.,  Ajo, 
Arlz.  , 

Krutzsch,  Philip  H.,  Ph.D.,  Reproductive  Physiology.  Assistant  Professor  of 
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Anatomy,  University  of  Pittsburgh  School  of  Medicine,  Pittsburgh,  Pa. 

Langeland,  William  E.,  Ph.D.,  Organic  Chemistry.  Project  Coordinator,  Wyeth 
Laboratories,  Radnor,  Pa. 

Lankford,  Charles  E.,  Ph.D.,  Bacteriology.  Professor  of  Bacteriology,  The 
University  of  Texas,  Austin,  Texas. 

Lanthier,  Andre,  M.D.,  Steroid  Synthesis.  Assistant  Professor  of  Medicine, 
University  of  Montreal,  Montreal,  Que.,  Canada. 

Larsen,  Theodore  J.,  B.S.,  Physiology.  Junior  Biochemist,  Smith,  Kline  &  French, 
Laboratories,  Philadelphia,  Pa. 

Lee,  Elmer  A.,  M.D.,  Radiology.  Chief,  Clinical  Investigation  Branch,  U.S.A. 
Laboratories,  Army  Chemical  Center,  Md. 

Lee,  Russell  Van  Arsdale,  M.D.,  Gerontology.  President,  Palo  Alto  Medical 
Clinic,  Palo  Alto,  Calif. 

Lemieux,  Guy,  M.D.,  Kidney  and  Electrolyte  Metabolism.  Assistant  Professor  of 
Medicine,  University  of  Montreal,  Montreal,  Que.,  Canada. 

Levine,  Irving  M.,  M.D.,  Neurology.  Neurologist,  Veterans  Administration,  Out* 
patient  Clinic,  Boston,  Mass. 

Linsk,  Joseph  A.,  M.D.,  Hematology.  Private  Practice,  Atlantic  City,  N.  J. 

Lord,  John  A.,  M.D.,  Endocrine  Research.  Clinical  Associate,  Mease  Hospital, 
Dunedin,  Fla. 

Lowe,  Edwin  P.,  Ph.D.,  Medical  Mycology.  Microbiologist,  Fort  Detrick,  Freder* 
ick,  Md. 
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McConnell,  Stewart,  D.V.M.,  Bacteriology.  United  States  Army,  V.  C.,  Columbus, 
Ohio. 

McDevitt,  Ellen,  M.D.,  Peripheral  Vascular  Diseases.  Assistant  Professor, 
Medicine,  Cornell  University,  New  York,  N.  Y. 

McFall,  Creed  Flannery,  Jr.,  M.D.,  Internal  Medicine.  Medical  Director,  Hoechst 
Pharmaceuticals  Inc.,  New  York,  N.  Y. 

McFarland,  Guy  Ernest,  Jr.,  M.D.,  Sports  Medicine.  Surgeon,  McFarland  Clinic, 
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McGregor,  William  Herbert,  Ph.D.,  Biochemistry.  Staff  Member,  Union  Carbide 
Research  Institute,  White  Plains,  N.  Y. 

Mcllreath,  Fred  J,,  Ph.D.,  Cardiovascular.  Senior  Pharmacologist,  R.  J.  Strasen- 
burgh  Co.,  Rochester,  N.  Y. 

McKinley,  George  G.,  M.D.,  Pediatrics.  Pediatrician  and  Director  of  Radio¬ 
isotope  Laboratory,  Howard  Clinic,  Glasgow,  Ky. 

McLoughlin,  Patrick  T.,  M.D.,  Clinical  Investigation.  Staff  Physician,  Wyeth 
Laboratories,  Philadelphia,  Pa. 
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Mih,  Alexander,  M.D.,  Psychology.  Anesthesiologist,  Neosho  Memorial  Hospital, 
Chanute,  Kans. 
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Raffan,  Hamish  McLennan,  M.D.,  Internal  Medicine.  Private  Practice,  Guelph, 
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Reconstructive  Surgery,  Baylor  University  Medical  College,  Houston,  Texas. 

Ring,  Ilona,  M.D.,  Microbiology.  Chief  Bacteriologist,  St.  Vincent’s  Hospital, 
New  York,  N.  Y. 
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Russo,  Eugene  A.,  A.B.,  Biological  and  Medical  Sciences.  Medical  Student,  State 
University  of  Rhode  Island,  Providence,  R.  L 

Sabin,  Crawford,  A.B.,  Endocrinology.  Research  Assistant,  Brooklyn,  N.  Y. 

Samet,  Charles  M.,  M.D.,  Internal  Medicine.  Private  Practice,  Great  Neck,  N.  Y. 

Sammelwitz,  Paul  H.,  Ph.D.,  Physiology.  Assistant  Professor  of  Animal  and 
Poultry  Physiology  and  Genetics,  University  of  Delaware,  Newark,  DeL 

Sastry,  B.  V.  Rama,  M.S.,  Medical  Sciences.  Research  Associate  in  Pharma¬ 
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Solomon,  Walter,  M.D.,  Hematology.  Hematologist,  The  Bronx  Hospital,  New 
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Head,  Department  of  Organic  Chemistry,  Weizmann  Institute  of  Science,  I 
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Strausser,  Helen  R.,  Ph.D.,  Immunology.  Instructor  in  Biology,  Rutgers  Univer¬ 
sity,  Newark,  N.  J. 
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Tate,  Fred  A.,  Pli.D.,  Pharmaceutical  Chemistry.  Manager,  Scientific  Information  ^ 
Section,  Wyeth  Laboratories,  Philadelphia,  Pa.  ? 

Taxay,  Emil  P.,  M.D.,  Metabolism-Endocrinology.  Research  Fellow,  Jackson  | 
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Thomas,  Colin  G.,  Jr.,  M.D.,  General  Surgery.  University  of  North  Carolina, 
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Toone,  Elam  C.,  Jr.,  M.D.,  Internal  Medicine.  Associate  Professor  of  Medicine,  ■ 
Medical  College  of  Virginia,  Richmond,  Va.  j 

Touchette,  Robert  H.,  B.A.,  Virology  and  Psychology,  Biological  Assistant,  • 
National  Institutes  of  Health,  Bethesda,  Md.  i 

Tousignant,  Harvey  G.,  M.D.,  Public  Health.  Director,  Clinical  Medicine  Divi-  i 
sion.  United  States  Air  Force,  MC,  Montgomery,  Ala.  | 

Ubertini,  Bruno,  Ph.D,,  Virology.  Director,  Institute  Zooprofilattico  Sperimentale,  | 
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Ueda,  Masao,  M.A.,  Food  Research.  Research  Chemist,  E.  &  J.  Gallo  Winery, 
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Upjohn,  Harold  L.,  M.D.,  Endocrinology.  Chief,  Pharmacology  Section,  Clinical 
Research,  The  Upjohn  Co.,  Kalamazoo,  Mich. 

Valtin,  Heinz,  M.D.,  Renal  Physiology.  Instructor  in  Physiology,  Dartmouth 
Medical  School,  Hanover,  N.  H. 

Van  de  Wal,  Anthony,  Jr.,  A.M.,  Biologist.  United  States  Army  Chemical  Warfare  ^ 
Laboratories,  Army  Chemical  Center,  Md.  j 

Van  de  Water,  Malcolm,  M.D.,  Nuclear  Medicine.  Radiologist  Directing  Radio-  * 
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Scientist,  The  Squibb  Institute  for  Medical  Research,  New  Brunswick,  N.  J. 
Vas,  Stephen  I.,  Ph.D.,  Microbiology.  Assistant  Professor,  Department  of  Bac* 
teriology,  McGill  University,  Montreal,  Que.,  Canada. 

Vertua,  Rudolfo,  M.D.,  Obstetrics.  Assistant  Professor,  Institute  of  Pharmacology, 
University  of  Milano,  Milano,  Italy. 

Victor,  Jules,  Jr.,  M.D.,  Internal  Medicine.  Private  Practice,  Savannah,  Ga. 
Violini,  Giuseppe,  M.D.,  Medical  Research.  Managing  Director,  Lepetit  S.  A.Q.I.C., 
Buenos  Aires,  Argentina, 
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Warner,  Harry,  M.D.,  Circulation.  Adjunct  Surgeon,  Montefiore  Hospital,  New 
York,  N.  y. 

Weinberg,  Irwin  Paul,  B.A.,  Biology  and  Medical  Sciences.  Medical  Student, 
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Weinstein,  Benjamin,  B.S.,  Pharmacology.  Instructor,  College  of  Pharmacy,  Ohio 
Northern  University,  Ada,  Ohio. 

Weiser,  Russell  S.,  Ph.D.,  Immunology.  Professor  of  Immunology,  University  of 
Washington  School  of  Medicine,  Seattle,  Wash. 

Weiss,  William  P.,  M.D.,  Physiological  Chemistry.  Research  Associate,  National 
Institutes  of  Health,  Bethesda,  Md. 

Wellington,  John  S.,  M.D.,  Pathology.  Assistant  Professor  of  Pathology,  Univer- 
S  sity  of  California  Medical  Center,  San  Francisco,  Calif. 

1  Winkelman,  Louis,  M.D.,  Pathology.  Director,  Kings  County  Research  Labora* 

I  tories,  Brooklyn,  N.  Y. 

I  Wood,  Robert  G.,  M.D.,  Life  Insurance  Medicine.  Assistant  Medical  Director, 
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Fineman,  Lewis  D.,  A.B.,  Medicine.  New  York  University  College  of  Medicine, 
New  York,  N.  Y. 
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